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ABSTRACT 

Investigation  reveals  that  major  weapon,  propulsion,  and  sensor  subsystems, 
selected  for  use  aboard  Naval  vessels,  are  designed  many  years  prior  to 
the  development  of  a  ship.  The  tendency,  by  Ship  Acquisition  Managers,  to 
select  off-the-shelf  equipment  is  tie  result  of  various  political  pressures 
and  a  requirervr.t  to  minimize  the  technical  risk  of  the  total  ship  system. 

fiiDaystem  Designers  develop  their  product  without  regard  for  the  subsystem's 
irpact  on  possible  future  ship  designs.  The  physical  characteristics  (i.e. 
veight,  required  manning,  electrical  power,  and , space  required)  of  a 
3 ii. system  are  net  controlled  and  the  growth  of  these  parameters  is  a  major 
factor  in  the  escalating  cost  of  Naval  ships.  r>* 

Tt>  sscist  both  the  Ship  and  the  Subs'/stem  Acquisition  Managers/Designers  in 
controlling  costs,  Marginal  Cost  Factors  are  proposed.  Previous  work  has 
demonstrated  the  validity  of  the  concept  of  Marginal  Factors  to  predict  the 
ship-growth  costs  due  to  the  impact  of  subsystems  on  conventional  displacement  I 
ships.  This  thesis  builds  ipen  this  work  by  using  two  ship  synthesis  j 

oerputer,  models  to  generate  Marginal  Weight  Factors  for  two  high  performance  J 
ship  types  of  recent  interest  to  the  U.  S.  Navy  -  Hydrofoils  and  Surface 
Elf  feet  Ships.. 
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chapter  l. 

PflTOUUCTION  TO  THE  SHIP/SUBSYSTP*  SESTOJ  PROCESS 

GNEFAL 

There  is  perhaps  no  more  crnplex  or  expensive  military  system  than  a 
naval  ship.  Consisting  of  as  man;'  as  one  hundred  major  subsystems  and 
tens  of  thousands  of  individual  components ,  the  modem  naval  ship  requires 
years  of  detailed  planning  and  several  years  of  actual  construction. 
Currently,  the  process  of  creating  a  new  ship,  from  the  early  conceptual 
designs  to  the  delivery  of  the  first  vessel,  averages  seven  years.  Hois 
extended  length  of  time  between  initial  design  and  product  delivery  places 
a  significant  obstacle  in  the  way  of  the  ship  design  team  to  produce  a 
modem  naval  ship. 

U.  S.  Naval  combatants  have,  since  World  War  II,  been  increasing  in 
both  size  and  complexity.  Reference  2  discusses  this  increase  in  size 
and  ocnplexity  and  attributes  the  trend  to  a  demand  for  increased  performance 
by  the  ship  operators.  Figure  1.1  (taken  from  Reference  1)  illustrates 
the  trend  of  increasing  ship  size  over  the  past  40  years.  The  only 
exceptions  are  the  Perry  Class  Frigate  (FPG-7)  and  the  proposed  DG  AEGIS 
design  both  of  which  are  the  result  of  the  design  philosophy  of  "Design- 
to-Ooet".  Reference  2  describes  how  this  design  philosophy  resulted  in 
smaller  ships  than  their  predecessors. 

As  discussed  above,  the  increased  performance  required  of  ships  is 
a  major  cause  of  the  larger  and  hence  more  oostly  vessels.  This  performance 
increase  has  been  reflected  in  the  characteristics  of  weapons,  propulsion. 


^ - - - - - - - . 
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and  sonar  subsystems.  Figures  1.2  and  1.3  (these  Figures  were  taken  from 
Inference  1)  illustrate  the  changes  that  have  occured  to  t>o  of  a  destroyer 
type  ship’s  subsystems.  Note  the  sharp  increase  in  the  sonar's  weight, 
internal  volume,  and  electrical  power  requirements.  It  is  these  increased 
requirements,  typical  of  many  new  subsystems,  that  have  greatly  affected 
the  ship’s  size.  If  the  ships'  costs  are  to  be  controlled,  then  everyone 
concerned  with  the  ship  acquisition  process  must  be  aware  of  the  growing 
impact  of  subsystems.  That  is,  not  only  must  the  ship  designers  and  the 
ship  operators  be  cognizant  of  the  effect  of  subsystems  but  also  the 
subsystem  designers  must  be  aware  of  the  inpact  of  their  product. 

CDR  Clark  Graham,  USN  and  others  have  written  (References  1  and  3) 
at  length  of  the  need  for  cooperation  between  all  members  of  the  ship 
design  ocninunity  and  in  Reference  1  Graham  stresses  the  need  for  awareness 
by  thi  subsystem  designers  to  understand  the  impact  of  thfcir  product  on 
the  total  ship  system. 

THE  SHIP  AOQdSITICN  MMPCER 

The  design  of  a  modem  naval  ship  has  many  tasks  but  two  of  the  most 
important  are  the  selection  of  the  major  subsystems  and  their  intergration 
into  a  total  ship  system.  The  head  of  the  ship  design  team  is  the  Ship 
Acquisition  Manager  and  is  responsible  for  the  selection,  through  a  series 
of  tradeoff  studies,  of  the  subsystems  necessary  to  acccnplieh  the  needed 
performance  capabilities  of  the  ship. 

The  criteria  the  acquisition  manager  uses  to  select  subsystems  for 
a  ship  has  varied  with  the  change  in  federal  administrations.  In  the  mid 


Figure  1.2 


Figure  1.3  -  F\rffIOTnN  (T  FIVT  DOt  flNP  FOR  FX 
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to  late  60' a.  Secretary  of  Defense  McNwnara  emphasized  the  ooncept  of 
total  life-cycle  costing.  This  concept  stresses  not  only  the  acquisition 
cost  of  the  total  system  but  also  gives  equal  importance  to  all  operating 
aoets  over  the  lifetime  of  the  ship.  The  present  situation  is  one  of 
tight  budgetary  constraints  on  the  ship  acquisition  funds  and  has  led  to 
the  oonoept  known  as  "  Design-to-Coet "  which  stresses  the  inportanoe  of  a 
low  acquisition  oost.  Within  the  ” Design- to-Oost"  envirorment,  the  ship 
acquisition  manager  selects  subsystems  that  not  only  have  the  lowest 
acquisition  cost  but  should  also  select  the  equipments  that  have  a  minimum 
impact  on  the  ship's  total  acquisition  oost. 

The  foregoing  discussion  would  seem  to  imply  that  onoe  the  acquisition 
manager  knew  the  oost  of  subsystem  with  similar  performance  capabilities, 
the  selection  decision  would  be  relatively  simple.  Unfortunately ,  a 
subsystem's  acquisition  cost  is  only  one  of  the  many  factors  that  influence 
the  ship  acquisition  manager's  decision.  Reference  4  discusses  how  subeystans 
inpact  a  ship  design  and  that  the  true  oost  of  a  subsystem  must  include 
both  the  acquisition  oost  of  the  subsystem  and  its  inpact  on  the  oost  of 
the  ship. 

In  addition  to  oost,  the  ship  acquisition  manager  is  constrained  by 
the  design  philosophy  as  promulgated  by  the  Chief  of  Naval  Operations  (CNO) 
for  the  ship  being  developed.  Since  the  middle  60's,  in  order  to  minimize 
the  technical  risks  inherent  in  a  acnplex  ship  system,  the  utilization 
of  off-the-shelf  ocnpcnenta  for  major  subsystems  has  been  specified.  The 
reason  for  this  policy  is  that  there  are  large  risks  associated  with  the 
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the  intergration  of  the  separate  subsystem  into  a  single  entity  without 
having  to  depend  on  the  concurrent  development  of  high  risk  ocnponents. 

An  exanple  is  the  design  philosophy  for  the  FPG-7  promulgated  in  July  1971 
by  the  CNO.  Among  his  directions  to  the  ship  acquisition  manager  are: 

(1)  Favor  low  acquisition  cost  over  life-cycle  costs. 

(2)  The  total  ship  system  is  to  be  optimized  rather  than 
optimizing  individual  subsystems. 

(3)  Ensure  that  performance  increases  are  significant  in 
proportion  to  added  investment. 

(4)  There  will  be  a  minimum  of  future  growth  margins. 

Figure  1.4  presents  the  development  schedule  for  eight  of  the  major 

subsystems  of  the  FPG-7  and  the  design  and  construction  schedule  of  the 
ship  itself.  Note  that  the  majority  of  the  equipments  selected  were 
designed  prior  to  the  shio  in  concert  with  the  CND's  design  philosophy. 
The  subsystems  listed  in  Figure  1.4  may  be  divided  into  three  categories. 


Developed  Prior 
to  Ship  Design 


Derivative  of  Earlier  Design 
Developed  Concurrently 


Concurrent 

Development 


LM  2500  Gas  Turbine 
MR  32  Tbrpedo  Tubes 
AH/SPS  55  Radar 
MR  75  OK)  Malara  Gun 


m/sas  56  Sonar 

AN/SPS  49  Air  Search  Radar 

HARPOON  Missile 

IAWS  MR  III 


Fin  Stabilizers 
Gcmputer 
Software 


The  FPG-7  acquisition  team  had  no  influence  on  those  subsystems 
developed  prior  to  the  ship  design  and  very  little  influence  on  the  oonponents 
that  were  derivatives  of  earlier  designs.  Thus  although  the  FPG-7  was 
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developed  in  a  " Design- bo-Gost"  environment,  the  acquisition  manager  was 
triable  to  control  the  designs  and  henoe  the  oost  of  the  majority  of  the 
subsystems. 

There  are  two  inplications  to  the  policy  of  using  off-the-shelf 
equipments.  First,  since  the  subsystems  were  designed  years  earlier,  the 
ship  design  team  has  no  choice  hut  to  adapt  the  ship  design  to  accomodate 
the  subsystems.  A  second  implication  is  that,  assuring  a  25  year  operational 
lifetime  for  the  ship,  the  ship  will  be  using  subsystems  vp  to  50  years 
old.  These  two  inplications  certainly  detract  from  the  Navy's  desire  to 
produce  an  optimun  ship. 

Another  influence  on  the  selection  of  subsystems  for  a  particular 
ship  is  the  political  environment  in  which  the  ship  acquisition  team 
operates,  for  example,  a  strong  consideration  in  selecting  the  Italian 
designed  MR  75  CTO  Malara  Gun  was  the  desire  to  include  NATO  equipment 
on  the  ship  thus  enhancing  the  chances  for  foreign  sales  of  the  FPG-7. 
Political  pressures  also  exist  to  select  foreign  equipment  as  a  "payback" 
for  foreign  purchase  of  U.  S.  equipment. 

A  final  problem,  related  to  subsystem  integration,  faced  by  the  ship 
acquisition  manager  is  the  need  to  reserve  space  and  weight  for  equipment 
that  is  not  yet  available.  The  ship  design  team  nust  enoorporate  these 
reservations  into  the  ship  design  based  on  the  best  information  available. 
Inasmuch  as  most  subsystems  are  not  developed  for  a  specific  vessel,  the 
ship  acquisition  manager  cannot  constrain  the  subsystem  designers  to  the 
space  and  weight  reservations  incorporated  in  his  particular  ship  design. 
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The  result  is  that  ships  may  be  delivered  with  excess  space  and  weight 
reservations  (e.g.  FF-1052  for  the  MK  48  torpedo  system)  or  with 
insufficient  reservations  (e.g.  ED  963  inability  to  hangar  2  MK  III  IAMPS 
helocopters) . 

Figure  1.5  presents  the  development  schedule  of  the  Navy's  newest 
destroyer  (CO  963)  and  eight  of  her  major  subsystems.  The  design  philosophy 
of  the  ED  963,  developed  in  the  McNamara  era  of  minimum  life-cycle  costing, 
f-jgH  a  departure  fran  previous  ship  designs  that  tried  to  produce 
najor  subsystem  and  the  ship  concurrently.  That  is,  maximum  utilization 
of  off-the-shelf  equipment  was  required.  Another  objective,  in  line  with 
the  reduction  in  life-cycle  costs,  was  the  emphasis  on  reduced  demands 
upon  manpower  resources.  The  selection  of  the  MK  45  light  weight  5"  54 
gun  resulted  fran  this  reduced  manpower  requirement?  while  the  selection 
of  the  AN/SPS  40B  air  search  radar  over  the  AN/SPS  49  radar  reflects  the 
philosophy  of  using  off-the-shelf  subsystems  vioe  high  risk  concurrent 
development. 

The  subsystems  listed  in  Figure  1.5  can  be  divided  into  the  same 

three  categories  as  was  done  for  the  FPG-7. 

Developed  Prior  Derivative  of  Earlier  Design  Concurrent 

to  Ship  Design  Developed  Concurrently  Development 

AN/SPS  55  Radar  LM  2500  Gas  Turbine  IAM»S  MK  III 

AN/SQ6  53  Sonar 

MK  32  Tbrpedo  Tubes 

MK  45  5"  54  Gun 

AN/SPS  40  Radar 

ASROC  Launcher 

Note  the  preponderance  of  subsystons  included  in  the  final  design  that 
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were  designed  prior  to  the  ship  -  a  direct  result  of  the  ship's  design 
philosophy.  Oily  one  hardware  subsystem,  the  LAMPS  MK  III  helocopter,  can 
be  classified  as  having  teen  developed  concurrently. 

The  development  schedules,  depicted  in  Figures  1.4  and  1.5,  indicate 
that  for  a  subsystem  to  have  any  chance  for  utilization,  the  equipment  must 
have  proceeded  the  ship  in  development.  Figure:  1.6  illustrates  the 
relationship  between  a  single  subsystem  and  several  of  the  host  ships  for 
that  equipment.  Note,  in  Figure  1.6,  that  the  characteristics  of  the 
propulsion  plant  for  each  of  these  four  ships  were  fixed  years  prior  to 
the  ship's  design.  Therefore,  any  liasion  between  the  ship  acquisition 
managers  and  the  subsystem's  designers  would  have  been  akin  to  closing  the 
bam  door  after  the  horse  had  escaped. 

The  conclusion  is  that  the  ship  acquisition  team  must  be  able  to  judge 
the  true  inpact  of  various  subsystems  on  their  ship  in  order  to  ocnduct 
accruate  tradeoff  analyses.  However,  due  to  the  design  philosophy  and 
various  political  considerations  mentioned  previously,  the  ship  acquisition 
manager  cannot  influence  the  actual  design  of  the  subsystems. 

THE  SUBSYSTEM  ACQUISITION  MANAGER 

If,  as  has  been  previously  established,  the  ships  do  not  affect  the 
design  of  subsystems,  what  then  influences  the  subsystem's  designers? 

Conversations  with  various  members  of  the  subsystem  design  and 
acquisition  aamunity  indicates  that  there  are  a  nvrnber  of  factors  that 
determine  the  characteristics  of  the  subsystems  produced.  A  general 
opinion  voiced  was  that  Hull,  Mechanical,  and  Electrical  (H  M  &  E) 
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subsystems  are  developed  to  take  advantage  of  new  technologies  -  an 
example  being  the  LM  2500  developed  to  utilize  gas  turbines  for  propulsion. 
On  the  other  hand,  electronic  sensors  and  weapon  subsystems  are  produced 
to  oounter  specific  threats  -  examples  being  the  newer  high  performs,  a 
sonars  and  cruise  missile  systems. 

The  physical  characteristics  for  subsystems  may  be  determined  by 
"in-house  studies",  the  CNO,  or  more  ocrtnonly  are  developedy  by  contractors 
in  response  to  performance  requirements  specified  by  subsystem  acquisition 
managers.  The  light  weight  MK  45  5"  54  gun  was  developed  by  the  Naval 
Ordinance  Systems  Oormand  due  to  a  perceived  need  by  these  weapon  subsystem 
designers  that  to  replace  the  older  single  5"  38  gun  a  lighter  version  of 
the  MK  42  5"  54  gun  would  be  required.  Thus  although  the  45  gun  was 
selected  for  the  DD  963  because  of  the  gun's  low  manning  characteristic ,  the 
reason  the  subsystem  was  initially  developed  was  to  produce  a  light  weight 
gun.  In  contrast,  the  PHM  hydrofoil  and  the  FPG-7  did  select  the  MK  45 
gun  because  of  the  reduced  weight. 

The  Chief  o^  iaval  Operations  is  also  often  responsible  for  controlling 
the  physical  characteristics  of  a  subsystem.  Exanples  of  this  situation 
are  the  IAMPS  helocopter  and  the  cruise  missiles  currently  under  development. 

The  most  carmen  situation  is  that  contractors  develop  subsystems  to 
natch  performance  specifications  and  few  if  any  limitations  are  placed  on 
the  subsystem's  physical  characteristics  by  the  Navy.  An  example  is  the 
SQS  56  sonar  for  the  FPG-7.  The  specifications  called  for  a  sonar  with  the 
characteristics  of  the  Canadian  505  9onar  and  the  Raytheon  oarparry  preceded 
to  militarize  a  previously  developed  oonmercial  sonar. 
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A  final  variation  on  the  origin  of  subsystems  is  that  of  direct 
supervision  fcy  the  ship  acquisition  manager  (e.g.  the  fin  stabilizers  on  the 
FPG-7)  or  by  the  lead  contractor  that  is  building  a  ship  (e.g.  the  anti¬ 
submarine  rocket  (ASROC)  loader/magazine  on  the  DD  963) .  The  physical 
characteristics  of  the  fin  stabilizers  were  directed  by  the  ship  acquisition 
manager  to  match  the  space  and  weight  reservations  previously  designed  into 
the  FPG-7.  Litton,  major  contractor  for  the  DO  963,  specified  the  physical 
characteristics  of  the  ASROC  loader/magazine  while  ensuring  that  the 
electrical  power  requirements  were  within  specified  limits  and  that  the 
space  and  weight  limits  would  not  be  exceeded. 

The  purpose  of  the  foregoing  discussion  has  been  to  illustrate  the 
variety  of  situations  under  which  initial  development  of  subsystems  may 
occur.  A  significant  point  is  that  there  are  many  ways  a  subsystem  may 
originate  and  that  the  degree  of  control  the  Navy  has  exercised  over  the 
physical  characteristics  of  the  equipment  does  vary. 

There  seems  to  be  only  one  general  constraint  placed  on  the  subsystem 
acquisition  manager  that  controls  the  physical  characteristics  of  their 
products.  This  constraint  is  that  subsystem  designers  are  enjoined  from 
optimizing  an  equipment  for  a  single  ship  or  even  a  single  ship  type  due 
to  the  Navy's  desire  for  standardization  throughout  the  fleet.  By  limiting 
the  variety  of  equipments,  the  training  requirements  and  simply  support 
inventories  are  thereby  reduced. 
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The  current  situation  in  the  U.  S.  Naval  ship  design  comnunity  may  be 
swmarized  as  follows : 

(1)  Ship's  are  growing  larger  and  hence  more  costly  due  to  the 
increasing  inpact  of  major  subsystems. 

• 

(2)  Ship  acquisition  managers,  while  aware  of  a  subsystem's  true 
inpact,  has  little  if  any  control  over  the  physical 
characteristics  of  the  equipment. 


(3)  Equipments  are  produced  by  the  Subsystem  Acquisition  Team 
without  regard  for  their  inpact  on  the  host  ships.  This 
problem  is  due  to  the  lack  of  a  naval  architectural  background 
on  the  part  of  the  subsystem  designers  and  acquisition 
managers  that  would  give  them  an  appreciation  for  the  true 
inpact  of  a  subsystem's  physical  characteristics  on  a  ship's 
size. 

(4)  Subsystem  designers  cannot  optimize  their  product  for  a 
single  ship  type  due  to  the  Navy's  desires  for  widespread 
applicability  of  the  equipment. 

(5)  The  variety  of  control  placed  on  the  design  of  subsystems 
increases  the  difficulty  the  Navy  has  in  controlling  the 
equipment's  physical  characteristics.  This  lack  of  control 
is  reflected  in  the  increasing  inpact  of  subsystems  on  naval 
ships. 
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Graham  (see  Reference  l)  has  made  two  reoarmendations  that  would  help 
to  alleviate  the  situation  described  above.  First,  a  hoard  of  review 
should  be  created  to  advise  the  subsystem  design/aoquisition  ocrwunity 
as  to  the  true  impact  of  all  proposed  subsystems;  and  secondly,  design  tools 
should  be  made  available  to  all  members  of  the  ship/subsystem  design 
ccmmmity  to  assist  in  optimizing  the  entire  ship  system. 

Having  described  the  current  ship/subsystem  design  problems,  this 
thesis  will  now  proceed  to  develop  design  tools  for  several  of  the  Navy's 
newest  ship  types  -  the  Hydrofoil  and  the  Surface  Effect  Ship.  Chapter  2 
will  discuss  the  concept  of  Marginal  Factors  and  their  use  in  the  ship/ 
subaytem  design  process.  Chapters  3  and  4  develop  Marginal  Weight  Factors 
for  Hydrofoils  and  Surface  Effect  Ships  respectively.  Chapter  5  oarpares 
the  factors  for  these  two  ship  types  with  factors  previously  developed  for 
conventional  displacement  ships.  Finally,  Chapter  6  surmarizes  the  results 
and  presents  reccmendations  for  further  work. 
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CHAPTER  2. 

1NIHDDUCTICN  TO  THE  OCNCEPT  OF  MARGINAL  FACTOR? 

Tte  true  cost  of  a  subsystem  has  both  performance  and  monetary 
aorpoj  vents  each  of  which  must  be  considered  when  attempting  to  evaluate 
the  merits  of  one  subsystem  over  another.  Since  the  difference  in 
performance  between  subsystems  may  be  slight,  often  the  overriding 
factor  in  the  selection  process  becomes  the  equipment's  monetary  oost. 

It  is  only  when  this  true  oost  of  a  subsystem  is  known,  can  the  ship 
acquisition  manager  make  the  correct  decision  as  to  which  equipment  is 
to  be  selected.  Furthermore,  the  true  cost  can  also  guide  the  subsystem 
designer  when  deciding  on  the  equipment’s  physical  characteristics. 

The  total  monetary  oost  of  a  subsystem  is  composed  of  several  important 
sections  among  which  are  the  life-cycle  costs  and  the  ship-growth  costs. 
Life-cycle  costs  include  the  equipment's  oost  of  acquisition,  repair  and 
maintenance  costs,  personnel  costs,  and  other  operating  costs  over  the 
lifetime  of  the  equipment.  A  subsystem's  acquisition  oost  is  an  expense  over 
which  the  ship  acquisition  manager  has  little  control  (except  to  select  the 
cheapest  system)  since  he  normally  selects  off-the-shelf  equipment.  On  the 
other  hand,  the  subsystem  designer  can  control  much  of  the  acquisition  cost. 
Specifications  requiring  miniaturization  of  the  equipment,  excessive 
reliability,  low  veight ,  and  low  manning  can  all  increse  the  subsystem's 
acquisition  oost.  In  contrast,  high  reliability  and  low  manning  will 
decrease  the  other  oonponents  of  life-cycle  oost  implying  that  a  trade-off 
is  required. 


-  r~  - 

I  * 


I 


29 

Ship-growth  aosts  are  aosts  that  result  from  the  necessity  of  a  ship 
to  resize  in  order  to  accomodate  a  subsystem.  For  exanple,  the  weight  of 
an  equipment  causes  the  ship  to  grow  to  support  the  weight  thus  increasing  the 
hydrodynamic  drag  which  causes  the  propulsion  plant  and  hence  fuel  weights 
to  increase.  These  ship-growth  costs  can  have  a  substantial  inpact  on 
the  ship’s  life  cycle  costs  and  must  therefore  be  taken  into  account 
when  corputing  the  total  oost  of  a  subsystem,.  Graham,  in  Reference  1, 
illustrates  the  growth  in  size  of  naval  ships  and  relates  the  cause  to 
increased  performance  requirements  demanded  of  the  subsystems.  If  the 
total  impact  of  the  subsystems  on  the  ships  had  been  fully  understood, 
it  is  quite  likely  that  different  decisions  would  have  been  made 
regarding  the  design  and/or  selection  of  specific  equipments. 

In  order  to  support  the  decisions  made  by  the  ship  acquisition 
managers  and  the  subsystem  designers  marginal  "oost”  factors  have  been 
developed.  It  is  the  ship-growth  costs  that  can  be  estimated  through 
the  use  of  these  factors.  Marginal  "cost"  factors  refer  to  the  incremental 
change  in  "oost"  due  to  one  additional  unit  of  a  parameter  at  seme 
specified  level.  The  quote  marks  are  intended  to  indicate  that  cost 
may  not  he  strictly  money  but  instead  may  refer  to  a  weight  or  performance 
"oost".  An  example  of  a  marginal  "oost"  factor  for  payload  weight 
would  be  the  change  in  the  ship’s  full  load  displacement  in  response 
to  a  unit  change  in  the  military  payload's  weight.  Tto  avoid  aonfusion,  the 
term  "marginal  weight  factor"  will  henceforth  be  used  when  the  "oost"  is 
a  change  in  the  ship's  full  load  displacement. 
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Marginal  weight  factors  (WF)  have  several  advantages  over  monetary 
factors  in  the  areas  of  both  their  use  and  their  generation.  A  subsystem 
having  a  total  weight  inpact  of  20  tons  on  a  ship's  size  in  1975  will 
have  the  same  impact  in  1980.  On  the  other  hand,  the  nonetary  oost  irpact 
will  vary  according  to  labor  and  material  oost  escalation  and  inflation 
indides.  This  characteristic  of  monetary  cost  factors  to  vary  with  time, 
carplicates  their  use  and  makes  conparisons  difficult.  Cost  has  been 
found  to  be  a  direct  function  of  weight  hence  a  change  in  weight  can  be 
interpreted  to  mean  an  increase  in  oost.  Furthermore,  the  ship  designer 
may  be  working  with  a  constraint  on  the  ship's  weight  and  money  may  be 
of  secondary  ijrportance  at  his  level.  If  actual  monetary  costs  are 
desired,  the  conversion  from  weight  to  dollars  is  a  relatively  simple 
procedure  given  the  availability  of  a  weight  sensitive  cost  estimating 
model. 

It  was  originally  intended  to  produce  both  marginal  weight  factors 
and  marginal  oost  factors  that  would  relate  the  change  in  the  ship's 
full  load  displacement  and  the  total  life-cycle  costs.  However,  it  was 
found  that  oost  models  for  high  performance  ships  are  not  readily 
available  and  much  of  the  information  in  this  area  is  considered  proprietory. 
It  was  therefore  decided  to  generate  only  the  margined  weight  factors  for 
hydrofoils  and  surface  effect  ships.  These  two  ship  types  were  chosen 
for  investigation  due  to  the  U.  S.  Navy's  recent  interest  in  these  ships 
and  to  oonplement  marginal  weight  factors  previously  developed  (see 
References  4,  5,  and  6)  for  conventional  displacement  ships. 
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Previous  work  in  the  area  of  marginal  weight  factors  has  determined 
that  the  inpact  of  a  subsystem  added  to  or  removed  from  a  ship  may  be 
adequately  described  by  four  payload  support  parameters.  They  are: 

.  Weight 
.  Manning 

.  Electrical  Power 
.  Space 
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James  Sedj ,  a  naval  architect  in  the  advanced  Ship  Development  Programs 
Office  of  the  Naval  Sea.  Systems  Oarmand,  was  the  first  to  systematically 
produce  marginal  factors  for  the  above  mentioned  payload  support  parameters 
and  to  demonstrate  their  use  in  conducting  trade-off  analyses  hetv.een 
several  subsystems.  Sedj  generated  marginal  cost  factors  with  the  aid  of 
CD07,  a  computer  ship  synthesis  model  for  conventional  displacement  ships 
developed  by  the  Naval  Ship  Engineering  center,  and  a  weight-based  cost 
estimating  model.  The  results  were  presented  at  the  11th  annual  Syrposium 
of  the  Association  of  Senior  Engineers  in  a  paper  entitled  "Marginal  Oost  - 
A  Stool  in  Designing  bo  Cbst". 

An  M.I.T.  masters  thesis  by  Jay  Howell  in  1976  (Reference  5>  expanded 
upon  Sedj 's  work  by  generating  marginal  weight  factors  for  three  baseline 
ships  of  varying  displacement.  Hcwell  used  DD07  to  study  the  relationship 
between  the  size  of  the  factors  and  a  ship's  size.  ’Marginal  weight  factors 
were  produced  for  the  four  payload  support  areas  of  weight,  manning,  electrical 
power,  and  space.  A  summary  of  his  results  may  be  found  in  Appendix  I. 

The  generation  of  marginal  weight  factors  requires  the  use  of  ship 
synthesis  models  capable  of  producing  miniirun  weight  designs  subject  to 
performance  and  naval  architectural  constraints.  Sedj  and  Howell  both 
used  DD07  to  compute  WF's  for  displacement  ships  in'  the  range  of  3500  tons 
to  12,000  tons  full  load  displacement.  There  are  two  key  characteristics 
of  a  ship  synthesis  model  that  must  be  present  if  the  model  is  to  be  used 
to  generate  marginal  weight  factors.  First,  the  model  must  produce  as  an 
output  a  minimum  displacement  design;  and  second,  the  user  of  the  model 
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must  be  able  to  vary,  as  an  input,  the  parameters  of  interest  (i.e.  payload 
weight,  manning,  electrical  power,  and  space) . 

Given  a  ocrputer  ship  synthesis  model  with  the  characteristics  described 
above,  it  is  a  relatively  sinple  procedure  to  ccrpute  marginal  weight 
factors.  A  baseline  ship  is  first  produced  with  a  given  payload  size, 
physical  characteristics ,  and  performance  requirements.  The  design  of  this 
baseline  ship  then  becomes  a  reference  from  which  the  marginal  factors  are 
generated.  Hie  next  step  is  to  input  a  change  to  one  of  the  parameters  while 
keeping  the  other  parameters  and  the  ship's  performance  constant.  Hie  ship's 
physical  characteristics  are  allowed  to  vary  and  the  ocrputer  model  produces 
a  new  minimum  weight  design.  Hiis  procedure  is  repeated  for  several 
variations  (both  positive  and  negative)  of  the  parameter  being  investigated 
and  the  differences  between  the  weight  of  the  new  designs  and  the  baseline 
are  plotted  versus  the  corresponding  change  in  the  parameter.  Hie  slope  of 
the  plot  of  change  in  full  load  displacement  versus  the  change  in  support 
parameter  is  the  marginal  weight  factor  -  the  change  in  full  load  displacement 
associated  with  a  unit  change  in  the  support  parameter.  If  the  ship 
synthesis  model  provides  the  user  with  a  breakdown  of  the  acrpcnents  of  the 
full  load  displacement,  margined  weight  factors  may  also  be  ocrputed  for 
any  of  these  components.  For  exanple,  it  is  often  of  interest  to  kno/ 
the  M"JF  for  fuel  since  this  is  becoming  such  a  large  expense  item  in  a 
ship's  total  life-cycle  cost. 

Hie  final  product  consists  of  a  set  of  four  WF's  (payload  weight, 
manning,  electrical  power,  and  space)  for  each  of  the  baseline  ships  being 
considered.  These  factors  may  then  be  used  to  determine  the  total  inpact 
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of  a  subsystem  on  a  ship.  An  example  that  illustrates  the  use  of  marginal 
weight  factors  to  predict  the  growth  in  the  full  load  displacement  of  a 
U.S.  Navy  Destroyer  is  shewn  below  in  figure  2.1. 


Payload  Characteristics 

Destroyer's  MWF's 

Weight 

=  50  tons 

Weight 

2.200 

Manning 

=  3  men 

Manning  » 

4.450 

Electrical  Power  =  100  KW_ 

Electrical  Power  = 

0.109 

Space  =  500  Fr 

Space  » 

0.036 

Impact 

Due  To: 

Payload  Weight: 

50  x  2.2  = 

11C 

)  tons 

Manning: 

3  x  4.45  = 

13. 

35  tons 

Electric  pewrer: 

100  x  .10*= 

10. 

9  tons 

Space:  ! 

500  x  .036  * 

18. 

0  tons 

tons/ton 

tons/man 

tons/KW 

tons/FT2 


Total  Inpact  *  152.25  tons 


Figure  2.1 

Inpact  of  a  payload  on  a  ship’s  full  load  displacement 

Frank  Bryant,  in  a  1976  M.I.T.  Engineers  thesis  (Reference  6), 
investigated  the  mechanics  of  using  marginal  weight  factors,  the  assurptions 
inherent  in  them,  and  limitations  on  their  use.  Bryant  investigated  the 
validity  of  five  assertions  concerning  marginal  weight  factors  and  their 
use.  The  five  assurptions  are: 

(1)  The  surma tion  of  individual  parameter  inpacts  to  find  the 
total  equipment  inpact  is  valid. 
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(2)  The  marginal  weight  factors  take  into  account  both  direct 
and  indirect  effects  of  the  equipment  addition. 

(3)  The  marginal  weight  factors  are  valid  and  constant  over  the 
range  of  equipment  direct  support  parameters. 

(4)  The  marginal  weight  factors  are  valid  for  the  equipment 
type  or  ship  feature  being  evaluated. 

(5)  The  four  payload  support  parameters  of  weight,  manning, 
electrical  power,  and  space  adequately  describe  the 
equipment's  inpact  on  a  ship. 

He  found  that  these  asstnptions  are  generally  valid  but  that  seme 
minor  limitations  exist  when  MWF's  are  used  to  predict  the  total  inpact  of 
an  electronic  subsystem  on  conventional  displacement  ships. 

Sedj  also  noted  several  limitations  to  the  use  of  *Ws  for  the 
subsystems  under  consideration. 

(1)  The  subsystem  must  be  independent  in  that  the  selection 
of  one  does  not  demand  the  selection  of  another  supporting 
subsystem. 

(2)  At  least  one  of  the  subsystem's  support  parameters  must  be 
identifiable  (e.g.  weight,  etc.). 

There  are  three  additional  areas  of  concern  that  should  be  considered 
when  using  marginal  factors. 

(1)  Marginal  weight  factors  for  the  various  payload  support  parameters 

may  be  valid  only  within  the  range  investigated.  That  is,  at 
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sane  limiting  value  of  the  support  parameter  the  plot  of  change 
in  full  load  displacement  versus  the  change  in  support  parameter 
becomes  non-linear  to  the  point  where  the  ”WF  is  no  longer 
accurate.  Howell  did  attempt  to  find  points  of  non-linearity 
for  the  payload  support  parameters  on  conventional  displacement 
ships  and  reported  his  findings  in  reference  5.  The  full  load 
displacement  of  hydrofoils  was  found  to  vary  linearly  with  the 
change  in  all  four  support  parameters  for  all  ranges  investigated. 

No  linearity  checks  were  made  for  Surface  Fffect  Ships  due  to 
funding  limitations  and  the  Mf 's  should  be  oonsidered  accurate  only 
over  the  ranges  investigated. 

(2)  To  capture  the  effect  of  increasing  propulsion  plant  size  it 
was  necessary  to  have  the  baseline  ships  fitted  vrith  "rubber" 
engines.  That  is,  the  weight  of  the  propulsion  plant  varied  with 
the  required  shaft  horsepower.  If  the  propulsion  plant  was  not 
"rubberized",  then  quantum  jurps  in  plant  weight  would  have  occured 
whenever  the  baseline  propulsion  capacity  was  exceeded.  The 
result  is  that  at  times  the  oorputer  will  overestimate  the  total 
weight  irpact  and  at  other  tires  it  will  underestimate  the  impact. 

(3)  A  final  point  to  ocnsider  when  using  marginal  weight  factors  is 

that  the  value  of  the  bWF  is  highly  dependent  upon  the  characteristics 
of  the  baseline  ship.  The  user  of  the  should  therefore 

carefully  judge  how  closely  the  baseline,  used  to  generate  the 
factors,  matches  the  vessel  under  consideration.  Depending  on 
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the  degree  of  accuracy  required,  a  ship  acquisition  manager 
may  have  to  generate  nev*  M»7F's  for  his  specific  ship.  P 
subsystem  designer  should  be  able  to  oonduct  evaluations  of  his 
product  on  various  ship  types  and  sizes  vdthout  recalculating 
the  factors  produced  by  Hcvell  or  those  generated  by  this  thesis. 

Marginal  weight  factors  can  be  of  value  to  the  ship  acquisition 
manager  in  conducting  a  trade-off  analysis  between  subsystems  of  comparable 
performance.  By  applying  marginal  weight  factors  for  the  applicable  ship 
type  and  size,  the  true  irrp  .ct  of  the  candidate  subsystems  can  be  accurately 
determined. 

As  discussed  in  the  previous  chapter,  the  subsystem  designers  have 
not  heretofor  had  adequate  tools  to  assist  the  designers  in  producing 
minimum  inpact  equipments.  If  the  equipment  designer  could  accurately 
julge  the  true  inpact  of  his  product  on  potential  candidate  ships,  the 
product  would  be  assured  of  wider  usage  and  aid  in  producing  mininum  cost 
ships.  Not  only  can  a  subsystem  designer  optimize  his  product  for  a 
specific  ship  type,  but  he  can  ad  so  produce  a  minimum  inpact  product  for 
ship  types  thus  increasing  the  potential  applications  for  his  product. 
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CHArTER  3. 

MARGINAL  WEIGHT  FACTORS  FOR  HYDROFOILS 

T^m^noucTiCN 

This  chapter  describes  the  generation  of  marginal  weight  factors  for 
hydrofoils.  The  factors  for  the  payload  support  areas  of  v^ight,  manning, 
electrical  load,  and  space  were  ocmputed  with  the  aid  of  the  Hydrofoil 
Analysis  and  Design  (HANDE)  ccrputer  ship  synthesis  model.  An  explanation 
of  this  acrputer  model,  the  methodology  used,  and  the  actual  calculations 
are  provided  to  assist  readers  in  adjudging  the  accuracy  and  applicability 
of  the  marginal  factors  that  were  generated.  Because  the  hydrofoil  is  a 
high  performance  ship  and  is  weight  sensitive,  it  was  anticipated  that 
the  marginal  weight  factors  would  be  larger  than  those  of  conventional 
displacement  ships.  In  general,  this  was  found  to  be  true;  although  the 
marginal  weight  factor  for  electric  load  was  lower  than  expected. 

A  hydrofoil  operates  by  lifting  its  hull  clear  of  the  water  which 
significantly  reduces  the  hydrodynamic  drag.  This  drag  reduction  allows 
the  hydrofoil  to  attain  speeds  in  excess  of  fifty  knots  with  a  moderately 
sized  propulsion  plant.  While  operating  in  the  foilbome  mode,  the 
hydrofoil  is  supported  by  the  dynamic  lift  generated  by  the  foils.  When 
hullbome,  the  ship  operates  as  a  conventional  displacement  ship  with 
the  vessel's  weight  being  supported  by  the  buoyant  forces  only. 

"HANDE"  SHIP  SYNTHESIS  MTOEL 

Tb  investigate  the  inpact  of  a  payload's  support  parameters  (i.e. 

1  •  f 
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weight,  manning,  KW  load,  and  space) ,  the  use  of  a  acrputer  ship  synthesis 
model  is  essential.  Because  of  the  model’s  ease  of  operation,  its 
relatively  low  operating  cost,  and  the  ability  to  fix  operational 
requirements  and  solve  for  the  resulting  minimum  v, eight  ship,  the  HANDE 
program  was  chosen. 

HANDE  was  developed  by  the  Boeing  Ccrpany  under  a  U.  S.  Navy  contract 
and  provides  a  fast,  consistent,  and  an  easily-used  ship  design  tool.  The 
model  intergrates  existing  hydrofoil  technology  to  produce  consistent 
hydrofoils  designed  to  meet  specified  mission  requirements. 

A  detailed  description  of  HANDE  is  found  in  Reference  7;  however, 
a  brief  svrmary  of  the  applicable  portions  is  presented  below. 

As  illustrated  in  Figure  3.1,  HANDE  consists  of  three  major  sections  - 
Initialization,  Synthesis,  and  Analysis.  Fach  of  these  sections  may  be 
used  individually  depending  upon  the  level  of  detail  or  specific 
application  desired. 

The  Initialization  section  uses  parametric  methods  to  provide 
initial  ship  size  or  performance  estimates  depending  on  the  mode  selected. 

Initialization  also  generates  a  detailed  estimate  of  the  volume  and  space 
required  based  upon  the  characteristics  of  the  ship  being  investigated. 

The  space  required  is  based  on  the  Highly  Sensitive  Ship  Synthesis  Model 
for  Surface  Combatants  developed  by  NAVSEC.  These  relationships  have 
been  modified  to  introduce  mission  duration  sensitivity  and  to  be 
appropriate  for  hydrofoils  up  to  3000  tons.  After  investigations 
indicated  that  the  Initialization  module  oould  be  used  for  high  level 
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INITIALIZATION  INITIALIZATION 


PERFORMANCE 

ANALYSIS 

HYDROSTATICS 


CONTROL  SYSTEM 


Figuee  3.1  -  HANEE  ANALYSIS  MDDUIES 
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parametric  studies  with  reasonably  accurate  results,  it  was  decided  to 
generate  marginal  weight  factors  for  hydrofoils  using  this  relatively 
!_  low-oost  rection  of  HANDE. 

The  Synthesis  section  of  HANDE  consists  of  ten  modules  each-  of  which 
may  be  used  either  individually  to  investigate  a  single  area  of  a  design 
or  sequentially,  to  design  a  oorplete  hydrofoil.  Two  iterative  loops 
are  provided  to  ensure  an  internally  consistent  design.  The  Synthesis 
section,  while  considerably  more  expensive  to  run  than  the  Initialization 
module,  does  provide  a  much  greater  level  of  detail  to  the  designer. 

The  final  section  of  HANDE  is  the  Analysis  section  and  may  be  used 
to  provide  information  relevant  to  the  ship  designs  generated  by  the  two 
previous  sections.  For  example,  the  designer  can  use  the  Analysis  section 
to  check  static  and  dynamic  stability  characteristics  or  to  predict 
performance  in  a  variety  of  sea  states. 

As  discussed  above,  the  Initialization  module  provides  a  detailed 
breakdown  of  required  volute  as  a  function  of  the  ship's  size  and 
performance  requirements.  This  information  is  furnished  to  the  designer 
so  that  he  may  manually  aonverge  the  volune  required  with  the  volume 
available  to  produce  a  "tight"  design.  There  is  no  automatic  convergence 
of  volute  in  the  HANDE  program. 

Appendix  II  contains  a  description  of  the  Initialization  section  and 
an  investigation  to  ascertain  the  accuracy  of  this  section.  The 
investigation  indicated  that  Initialization  is  accurate  for  designs 
of  less  than  1500  tons.  Above  this  point,  however,  the  Initialization 
9ecticn  increasingly  underestimates  the  ship's  size  and  the  Synthesis 
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section  must  be  used. 


Because  of  finding  limitations  and  the  demonstrated  suitability  of 
the  Initialization  module  over  a  wide  range  of  hydrofoil  sizes,  it  was 
decided  to  use  the  Initialization  section  of  HANDE  to  generate  marginal 
weight  factors  for  hydrofoils.  The  data  generated  by  Initialization  for 
the  2600  ton  hydrofoil  will  be  reported  in  addition  to  results  ccrputed 
by  the  Synthesis  section. 


BASELINE  HYDFCFOILS 

lb  avoid  masking  trends  within  the  data,  the  selection  of  consistent 
Kagol  -inoo  i3  a  vital  first  step  in  the  generation  of  marginal  weight 
factors.  The  baselines  had  to  cover  a  wide  range  of  displacements  with 
each  design  being  a  logical  and  "typical"  hydrofoil  for  that  size  ship. 
That  is,  a  300  ton  hydrofoil  aould  not  be  given  the  same  performance 
requirements  as  a  3000  ton  vessel  while  at  the  same  time  items  such  as 
propulsion  plant  type  had  to  remain  constant  across  all  baselines.  The 
resulting  baselines  meet  these  requirements  and  their  characteristics 
differ  only  as  a  logical  function  of  a  changing  displacement. 

At  the  time  this  thesis  was  being  researched,  the  Hydrofoil  office 
at  the  David  Taylor  Naval  Ship  Research  and  Development  Center  (DTOSFOC) 
was  preparing  a  paper  for  presentation  in  April  of  1978  at  the  American 
Institute  of  Aeronautics  and  Astronautics  annual  meeting.  The  title  of 
the  paper  is  "Balancing  Mission  Requirements  and  Hydrofoil  Design 
Characteristics"  and  used  the  HANDE  ship  synthesis  model  to  modify  the 
operational  requirements  of  hydrofoils  of  varying  displacements.  The 
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baselines  used  for  their  paper  were  selected  for  use  in  this  thesis.  In 
addition  to  the  fact  that  the  baselines  were  readily  available,  the 
baselines  represent  the  output  of  a  skilled  group  of  engineers,  extremely 
knowledgeable  in  the  intricacies  of  hydrofoil  design. 

A  detailed  description  of  these  baselines  may  be  found  in  Reference  8. 
The  sixtimry  of  the  baselines'  operational  and  physical  characteristics 
are  contained  in  Tables  3.1  and  3.2. 

METHODOLOGY 

Inasmuch  as  the  HANDS  data  base  contained  four  baseline  hydrofoils, 
the  only  tasks  required  to  generate  data  for  the  calculation  of  marginal 
weight  factors  for  payload  weight  and  crew  size  were  to  input  the 
desired  perturbations,  note  the  results,  and  plot  the  data.  Since 
HANEE  does  not  provide  for  either  electrical  load  or  spaoe  as  inputs 
to  the  model,  marginal  weight  factors  for  these  two  parameters  were 
generated  through  a  acribination  of  hand  calculations  and  the  HANEE 
output. 

No  modifications  were  renuired  to  the  HAM3E  program.  The  mode 
selected  for  the  Initialization  runs  was  "Input  range,  calculate  fuel  and 
ship  weights".  Payload  weight  was  varied  by  adding  to  and  subtracting 
frcm  WT.  GRP. 700  and  variations  of±  100%  of  WT. GRP. 700  were  investigated. 

An  exarple  illustrating  a  payload  weight  perturbation  for  a  single 
baseline  hydrofoil  is  described  below. 

(1)  lead  the  specific  baseline  from  the  data  base  as  the 
"reference"  ship. 
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Table  3.1 

Baseline  Ship  Characteristics 


30RL 

SHIP  DESIGNATION 
60BL  120HL 

240RL 

PHYSICAL  CHARACTERISTICS 

LBP  (feet) 

129 

170 

226 

270 

Hull  Beam,  maximum  (feet) 

32 

38 

46 

53 

Foil  Span,  maximum  (feet) 

43 

61 

86 

118 

Draft,  Foils  Down  (feet) 

25 

34 

38 

41 

.623 

.623 

.623 

.623 

Hull  Draft,  Foils  Up  (feet) 

6.7 

8.3 

11.0 

13.9 

Full  Load  Displacement  (tens) 

298 

674 

1350 

2613 

Total  Enclosed  Volume  (ft^) 

46100 

91500 

179000 

305000 

Foil  Lift  Distribution ,  FV<d/A  f t% 

33/67 

40/60 

40/60 

40/60 

CPEW  SIZE 

Officers 

5 

6 

10 

14 

Chief  Petty  Officers 

4 

5 

6 

12 

Enlisted 

12 

34 

68 

114 

TOTAL 

21 

45 

84 

140 

* 
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Table  3.2 

Baseline  Ship  Characteristics 

SHIP  DESIGNATION 


PERFORMANCE 

30EL 

60BL 

120RL 

240BL 

Mission  Duration  (days) 

10 

20 

30 

30 

Ftoilbome  Speed  (knots) 

50 

50 

50 

50 

Poilbome  Range  (NM) 

1500 

2000 

2500 

3000 

Hullborne  Speed  (knots) 

15 

15 

15 

15 

POWER  DATA 

Installed  FB  SHP 

12754 

26886 

48664 

92898 

Installed  HE  SHP 

2678 

4164 

5730 

8892 

Installed  Electrical  KW 

431.3 

808.1 

1134.9 

1643.5 

WEIGJrr  DATA 

Hull  Structure  (WT.GHP.100) (tons) 

50.7 

102.8 

191.3 

328.0 

1 

Propulsion  (WT.GRP.200)  (tons) 

31.7 

56.8 

90.8 

155.2 

Electrical  System  (WT.GFP.  300) (tons) 

8.6 

16.2 

22.7 

32.9 

Ocmnand  &  Control  (WT. GPP. 400)  (tons) 

11.4 

43.2 

59.1 

67.5 

Aux.  Systems  (WT.GFP. 5XX)  (tons) 

17.2 

46.0 

91.5 

165.0 

Foil  Systems  (WT.GRP. 567)  (tons) 

43.0 

95.1 

177.1 

332.3 

Outfit  &  Fum.  (WT. GRP. 600)  (tons) 

18.3 

39.1 

72.9 

123.5 

Armament  O'T.GPP^OO)  (tons) 

9.5 

12.4 

22.0 

75.6 

Margins  (tons) 

28.6 

61.7 

109.1 

191.9 

Light  Ship  (tons) 

219.0 

473.2 

836.4 

1471.6 

Fuel  (tons) 

74.5 

189.3 

365.2 

788.1 

Full  Loads  (tons) 

20.4 

25.7 

80.3 

165.8 

Full  Load  Displacement  (tons) 

313.9 

688.2 

1281.9 

2425.5 
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(2)  Input  the  desired  perturbation,  e.g.  add  10  tons  to  the 
armament  item  weight  array. 

NOTE:  The  Initialization  section  of  HANEE  is  not 

sensitive  to  payload  weight  location.  Payload 
weights  are  located  at  a  constant  height  of 
1.28  X  hull's  midship  depth. 

(3)  Run  the  Initialization  module  and  note  the  required  volume. 

(4)  Using  the  Hull  Geometry  module,  resize  the  reference  ship 
hull  bo  match  the  required  volume  found  in  the  previous  step. 

(5)  Rerun  the  Initialization  npdule  with  the  hull  size  set 
equal  to  that  found  in  step  4. 

(6)  Record  the  weights  and  physical  characteristics  of  the  new 
design. 

The  above  procedure  was  repeated  for  positive  and  negative 
perturbations  of  payload  weight  and  enlisted  crew  size  for  each  of  the 
four  baseline  hydrofoils.  HANDE  is  sensitive  to  distinctions  between 
officers,  chief  petty  officers,  and  enlisted  crew  but  it  was  decided  bo 
investigate  only  the  latter  since  the  enlisted  crew  would  be  the  most 
likely  group  to  vary  with  paylcad  size. 

Since  HMUE  does  not  provide  for  the  size  of  the  electrical  plant 
as  an  input,  it  is  not  possible  to  use  the  model  directly  bo  calculate 
marginal  weight  factors  for  electric  load  variations.  Instead,  a  series 
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of  hartl  calculations,  derived  from  flANDE,  was  used  to  ccrpute  the  required 
marginal  factors.  In  the  HANDE  Initialization  nodule  group  300  weight  will 
cause  the  ship  to  resize  exactly  as  a  group  700  weight  does  with  the 
exception  of  the  direct  irrpact  on  KW  by  group  700.  A  sanple  calculation 
is  shown  in  figure  3 la. 

The  marginal  weight  factors  for  spaoe  were  determined  with  the  add  of 
the  Hull  Geometry  module  of  the  HANDE  Synthesis  section.  As  described 
earlier,  this  module  resizes  the  hull  and  deckhouse  as  controlled  by  the 
program’s  user.  An  exanple  illustrating  space  perturbations  to  a  single 
baseline  hydrofoil  follows: 

(1)  Use  the  Hull  Geometry  module  of  HAMDF  to  vary  the  internal 
deck  space  of  the  baseline  ship.  The  hull’s  ratios  such 
as  L/B  and  I/D  remain  constant. 

(2)  Run  the  Initialization  section  with  the  hull  size  fixed 
equal  to  that  determined  in  step  1. 

(3)  Record  the  weights  and  physical  characteristics  of  the  new 
design. 
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DIRECT  WEIQfT  IMPACT: 


WT.GRP.300  ®  0.02  X  KW  *  0.02  X  100  (Reference  7) 

WT. GPP. 300  *  2.0  tens 

HPelo  -  Electrical  System  Design  Horsepower 

HPeio  *  KW/ (2  X  0.98  X  0.746)  *  100/(2  X  0.98  X  0.746) 

HPelo  =  68*4 

HPe^  ■=  Average  Electrical  Plant  Horsepower 
HPei  -  0.333  HPelo  «  0.333  X  68.4 
HPel  »  22.8  HP 

Wej  *  Fuel  Flow  Rate  »  0.0762HPg2o  +  0.327HPg2 
We2  12.7  Ibs/hr 

WF40  *  Weight  of  Fuel 

PAN®  X  Wfco  2500  X  12.7 
WF40  -  1.02  X  2240  X  SPEED  «  2240  X  44 

^40”  0.32  tons 

TOTAL  DIRECT  VEIGHT  IMPACT  *  WT.GRP.300  WF40 

*  2.32  tons 


INDITOCT  WEIGHT  IMPACT: 

Intact  of  1.09  tons  of  direct  weight  gives  as  indirect  weight 

irrpact  of  1.72  tons.  (Determined  from  HANDE  WT.OFP.700  Initialization 

runs) 

Therefore,  INDIRECT  IMPACT  -  1.58  X  DIRECT  I? “PACT 

»  3.66  tons 

Sarrple  Calculation  for  Marginal  Weight  Factor  for  Electrical  Load  on  120BL. 

Figure  3.1a 
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TOTAL  WEIGHT  IMPACT  =  DIPFCT  IMPACT  +  INDIRECT  IMPACT 


=  2.32  +  3.66 
*  5.98  tons 


Marginal  Weight  Factor  for  a  unit  kw  change  to  the  120BL  hydrofoil's 
Electrical  Load: 


5.98  tons 

100  MW 


0.0598  tons/KW 


Sample  Calculation  for  Marginal  Weight  Factor  for  Electrical  load  on  120BL 

Figure  3.1a  (Continued) 
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RESULTS 

The  results  of  the  perturbations  for  the  120EL  hydrofoil  are 
presented  in  Tables  3.3,  3.4,  3.5,  and  3.6.  Results  for  the  other 
three  baselines  may  be  found  in  Appendix  II.  The  data  was  generated  as 
described  in  the  proceeding  section  of  this  chapter.  Figures  3.2,  3.3, 

3.4,  and  3.5  were  constructed  by  plotting  the  change  in  full  load 
displacement  versus  the  corresponding  change  in  a  support  parameter.  These 
figures  help  to  illustrate  the  linearity  of  the  variations,  the  relative 
magnitudes  of  the  various  weight  groups'  variations,  and  the  absolute 
magnitude  of  the  results  of  the  perturbations.  The  slopes  of  these 
plots  are,  by  definition,  the  marginal  weight  factors  for  the  corresponding 
support  parameter. 

The  marginal  weight  factors  for  each  of  the  four  baseline  hydrofoils 
are  shown  in  Tables  3.7,  3.8,  3.9,  and  3.10.  The  bottom  row  of  each  of 
the  tables  contains  the  marginal  veight  factor  for  the  240HL  ship  as 
generated  by  the  Synthesis  section.  Note  that  the  results  do  verify  the 
large  error  determined  (see  Appendix  II)  in  the  cargo  weight  variations 
used  to  test  the  Initialization  section. 

Figures  3.6,  3.7,  3.8,  and  3.9  are  plots  of  the  full  load  marginal 
weight  factors  versus  the  corresponding  displacement  for  the  baseline 
hydrofoils.  These  figures  illustrate  the  trends  of  marginal  weight 
factors  to  increase  with  increasing  displacement.  In  an  attempt  to 
further  establish  the  validity  of  the  data,  two  actual  U.  S.  Navy 
Hydrofoil  designs  (PHM  and  HOC)  were  used  with  the  HANDE  Initialization 
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Electrical  Power  Variations  for  120BL  Hydrofoil 
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Table  3.6 
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Hydrofoil  Marginal  Weight  Factors  for  Fhli start  Manning  Variation 
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Hydrofoil  Marginal  Weight  Factors  for  Space  Variation 
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module.  Marginal  weight  factors  for  payload  weight  and  enlisted  manning 
perturbations  were  calculated  as  before  and  the  results  are  plotted  in 
Figures  3.6  and  3.7  along  with  the  four  original  baselines. 

Synthesis  runs  for  payload  weight  and  enlisted  manning  variations 
were  made  on  the  240BL  hydrofoil  to  determine  the  degree  of  inaccuracy 
in  Initialization  for  large  displacement  ships.  The  marginal  weight 
factors  found  cure  also  plotted  in  Hgures  3.6,  3.7,  3.8,  and  3.9.  7b 
assist  in  investigating  reasons  for  the  large  discrepency  between 
Initialization  and  Synthesis,  Figure  3.10  presents  a  ccrparison  of  the 
marginal  weight  factors  for  each  ccrrponent  of  the  full  load  displacement 
factor. 
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SYNTHESIS 

WF 

INITIALIZATION 

WF 

full  load  displacement 

4.90 

2.90 

WT. GRP. 100 

0.34 

0.14 

WT. GRP. 200 

0.56 

0.13 

WT  GRP. 300 

0.07 

0.07 

WT. GRP. 400 

0.005 

0.008 

WT.GRP.5XX: 

0.08 

0.05 

WT. GRP. 567 

0.80 

0.37 

WT. GPP. 600 

0.04 

0.03 

WT. GRP. 700 

1.00 

1.00 

LIGHT  SHIP 

3.32 

2.07 

FB  SHP 

185.9 

87.8 

Figure  3.10  -  Ccrpariscn  of  Marginal  Weight  Factors  for  240BL 

Payload  Weight  Variations  as  Generated  by  the  Synthesis 
and  Initialization  sections  of  HANIE. 
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DISCUSSION  QF  RESULTS 

The  results  indicate  that  marginal  weight  factors  for  hydrofoil® 
tend  to  increase  for  all  four  payload  support  parameters  as  full  load 
displacement  increases.  Both  the  Navy's  PHM  and  the  (NAVSEC)  IOC 
designs  also  follow  the  trends  established  by  the  four  baselines.  Three 
factors  are  thought  to  account  for  the  general  trend  of  increasing 
MWF's  with  increasing  ship  size.  First,  the  structural  efficiency  of  the 
foil  system  degrades  for  the  heavier  hydrofoils  thus  increasing  the  foil 
weight  more  for  the  larger  ships;  secondly,  fuel  consumption  grows  at  a 
proportionally  larger  rate  on  the  heavier  vessels  thus  significantly 
raising  the  fuel  weight;  and  finally,  the  baselines  have  increasing 
range  requirements  as  the  displacement  increases  thus  also  increasing 
the  fuel  weight  more  for  larger  ships. 

The  results  for  the  snallest  hydrofoil  (30BL)  are  somewhat  larger 
than  was  expected.  Although  an  exact  reason  for  these  higher  MrlF's 
was  not  able  to  be  determined,  it  is  felt  that  small  errors  in  the  data 
can  make  a  more  significant  irrpact  on  the  size  of  the  'WF's  of  analler 
ships. 

The  size  of  the  marginal  veight  factors  produced  using  the  HANDE 
model  is  strongly  affected  by  the  degree  of  balancing  of  required  and 
available  volunes.  For  exanple,  if  the  120BL  is  designed  such  that  the 
volune  available  exceeds  the  volume  required  by  16,000  FT^  (an  error 
of  9%),  a  marginal  weight  factor  for  payload  weight  variation  on  the 
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120HL  hydrofoil  of  5.2  results  vice  the  2.85  for  a  volune  balanced 
design. 

Figure  3.10  illustrates  several  problem  areas  noted  when  using  the 
Initialization  module  of  HANEE  for  large  hydrofoil  designs,  The  source 
of  error  is  that  Initialization  underestimates  the  size  of  the  foil 
system  selected  which  in  turn  underestimates  the  hydrodynamic  drag. 

This  error  is  reflected  in  the  size  of  weight  group  200,  foilbome 
shaft  horsepower,  and  weight  group  567.  The  error  in  weight  group  100 
results  from  a  larger  ship  being  required  to  carry  the  additional 
fuel  and  increased  propulsion  plant  weight. 

As  can  be  seen  in  Figures  3.2,  3.3,  3.4,  3.5  marginal  weight 
factors  produced  by  Initialization  are  linear.  These  results  are  to 
be  expected  as  the  various  weight  estimating  relationships  of  HANEE 
are  generally  linear  equations.  Minor  exceptions  are  not  of  sufficient 
size  to  generate  non-linear  results. 

The  payload  weight  perturbations  were  linear  for  all  displacements 
and  sizes  of  perturbations  investigated.  A  breakdown  of  the  payload  weight 
marginal  factor  is  shewn  in  Figure  3.11.  The  figure  illustrates  how 
the  one  ton  change  in  armament  weight  affects  a  hydrofoil.  The  effects 
are  separated  into  two  groeps:  Direct  effects  and  Indirect  effects. 

Direct  effects  reflect  the  expected  irrpact  of  the  change  in  armament 
weight;  whereas  the  indirect  effects  are  the  growth  in  the  hydrofoil 
produced  as  the  HANDF  model  iterates  the  design  to  account  for  the 
direct  effects. 
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Payload  weight  directly  iirpacts  the  size  of  weight  group  700, 
weight  group  300,  the  margin  (15%  of  the  sun  of  weight  groins  100  -  700) , 
and  the  weight  of  the  fuel  for  the  increased  electrical  plant.  In 
contrast,  cargo  weight  added  to  a  hydrofoil  produces  a  smaller  margined 
weight  factor  (see  Appendix  II)  since  the  direct  effects  are  much 
smaller  as  the  cargo  weight  does  not  require  a  direct  increase  in 
electrical  load  or  the  margin. 

The  breakdown  for  the  marginal  weight  factor  for  enlisted  manning 
is  presented  in  Figure  3.12.  A  change  in  manning  produces  direct 
effects  cxi  the  full  load  items  of  water,  crew  and  effects,  and 
provisions  in  addition  to  increasing  weight  groups  5XX  and  600.  The 
size  of  the  factors  for  the  HOC  is  slightly  lower  than  expected  and 
may  be  due  to  a  smaller  weight  margin  factor  (0.13  for  HOC  versus  0.15 
for  the  baselines) . 

Figures  3.13  and  3.14  present  breakdowns  for  the  marginal  weight 
factors  for  electrical  load  and  space  respectively.  Because  hand 
calculations  are  involved  in  onrputing  these  marginal  weight  factors, 
the  breakdowns  for  the  indirect  effects  are  not  considered  to  be  as 
reliable  as  those  produced  for  payload  weight  and  enlisted  manning. 

The  direct  effects,  however,  are  accurate  and  reflect  the  true  impact 
of  the  support  parameters.  The  value  of  the  marginal  weight  factor 
for  the  full  load  chancre  is  considered  to  he  accurate;  however,  the 
breakdown  shown  for  the  individual  weight  groups,  normally  produced 
by  the  acrputer's  iteration,  represents  only  an  approximation. 
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Figure  3.13  -  Breakdown  of  fW  for  addition  of  100  KN  to  Electrical  Load  of  120HL 
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To  demonstrate  the  ability  to  determine  the  total  impact  of  a 
subsystem  by  sunning  the  individual  effects  predicted  by  marginal  weight 
factors,  the  following  procedure  was  followed. 

i 

(1)  Run  the  Initialization  module  vdth  perturbations  of  +15 

tons  payload  veight  and  +3  enlisted  men  entered  simultaneously. 

(2)  Using  the  marginal  weight  factor  for  payload  weight,  predict 
the  impact  of  adding  15  tons. 

(3)  Using  the  marginal  weight  factor  for  manning,  predict 
the  impact  of  adding  3  enlisted  men. 

(4)  Sum  the  results  found  in  steps  (2)  and  (3)  above. 

(5)  Compare  the  predicted  result  determined  in  step (4)  with 
the  output  generated  in  step  (1) . 

The  comparison  is  shown  in  Table  3.11  and  the  predicted  and  actual  weight 
changes  differ  by  less  than  2%  which  is  within  the  Initialization 
module's  range  of  accuracy. 
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Oorparison  of  Predicted  and  Actual  Vfeight  Changes  for  Addition  of  15  tons  Payload  Weight  and 


77 


/ 


78 


OONCIUSICINS 

(1)  The  Initialization  module  may  be  used  for  high  level  tradeoff 
studies  to  predict  full  load  displacements  with  an  accuracy  of 
4  5%  for  hydrofoils  of  less  than  1500  tons  displacement.  The 
accuracy  is  reduced  to  -  10%  as  full  load  displacement 
approaches  3000  tons. 

(2)  Initialization  produces  accurate  marginal  weight  factors  for 
hydrofoils  of  less  than  1500  tons  displacement.  For  larger 
hydrofoils,  it  is  necessary  to  use  the  Synthesis  section  of 
HANDE  to  generate  accurate  marginal  weight  factors. 

(3)  All  perturbations  investigated,  produced  linear  changes  to  the 
full  load  displacements  of  all  baseline  hydrofoils.  Non-linear 
results  may  be  expected  when  investigating  large  hydrofoils 
with  the  Synthesis  section. 

(4)  Although  HANDE  does  not  converge  the  design  with  respect  to 
volune,  it  is  irrportant  to  do  so  manually  to  produce  accurate 
marginal  weight  factors. 

(5)  A  general  trend  of  increasing  marginal  weight  factors  with 
increasing  displacement  for  all  four  payload  support 
parameters  is  noted.  This  trend  is  due  to  the  heavier  foil 
systens,  increased  operating  range  requirements,  and  an 
increasing  fuel  cansurption  on  the  larger  hydrofoils. 
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CHAPTER  4. 

MARGINAL  WEIGHT  FACTORS  FOR  SURFACE  EFFECT  SHIPS 

INTRDDUCTICN 

Itiis  chapter  discusses  the  generation  of  marginal  weight  factors  for 
Surface  Effect  Ships  (SES)  the  four  payload  support  areas  of  weight, 
manning,  electrical  power,  and  space.  The  factors  were  ccrputed  with 
the  aid  of  a  ship  synthesis  model  developed  by  Mr.  William  Richardson  of 
the  David  Taylor  Naval  Ship  Research  and  Development  Center  (OTTJSFDC) . 
This  model  solves  for  a  minimum  weight  ship  subject  to  performance 
constraints  specified  by  the  user. 

Surface  Effect  Ships  enoorporate  a  technology  that  significantly 
reduces  hydrodynamic  drag  and  allows  much  higher  speeds  than  conventional 
displacement  ships.  The  air  cushion  vehicles,  developed  primarily  in 
Great  Britian,  are  the  forerunners  of  the  Surface  Effect  Ship.  Air 
cushion  craft  as  large  as  220  tons  are  being  utilized  in  both  ocrmercial 
and  military  service  in  the  United  Kingdom  and  the  Soviet  Union.  These 
vehicles  erploy  a  cushion  of  air  contained  beneath  a  flexible  skirt  and 
are  normally  propelled  by  air  screw  propel lors  driven  by  gas  turbine 
engines.  In  contrast,  SES  technology  encorporates  rigid  sidewalls, 
intergral  to  the  hull  structure,  with  flexible  rubberized  fabric  seals 
fore  and  aft  to  contain  the  air  cushion.  The  rigid  sidewalls  are  narrow 
inmersed  hulls  that  provide  additional  stability  at  high  speeds  and 
ail  low  the  use  of  the  more  efficient  waterjets  or  water  propellers  for 
propulsion. 
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While  running  in  the  on-cushion  mode,  the  SFS  operates  on  a 
captured  air  bubble  to  reduce  the  hydrodynamic  drag  and  achieve  speeds  in 
excess  of  60  knots.  In  addition,  while  operatinq  on-cushion,  the  SFS 
can  accelerate,  decelerate,  backdown,  and  hover.  When  the  SES  switches  to 
the  off -cushion  node,  the  vehicle  operates  as  a  conventional  displacement 
ship  with  its  weight  supported  by  the  buoyancy  of  the  sidewalls. 

ABCJ6  SES  COMPUTER  SHIP  SYNTHESIS  NPPEL 

lb  generate  the  marginal  factors  for  SES's,  the  non-linear 
optimization  program, developed  by  Mr.  Richardson  of  DTNSFiC,  was  utilized. 
This  program,  known  as  AFCJ6,  was  developed  in  1969  for  the  Trident 
submarine  project  and  revised  in  1976.  It  uses  SES  parametric 
relationships  to  solve  for  a  rrdnirmrn  weight  ship  subject  to  various 
naval  architectural  and  performance  constraints .  The  program's  feature 
of  being  able  to  specify  performance  requirements  and  have  the  ship's 
displacement  as  an  output,  led  to  the  selection  of  AFCJ6  for  use  in  this 
thesis. 

The  program  requires  that  the  user  set  up  a  data  base  describing 
the  ship.  This  data  base  consists  of  various  functional  relationships, 
known  constants,  performance  constraints,  and  naval  architectural 
reqairarents.  Exanples  of  the  performance  specifications  are  a  required 
cruise  and  dash  speed ,  payload  weight ,  and  the  SES  s  range .  The  naval 
architectural  requirements  include  the  requirements  that  buoyancy  equals 
weight  or  that  reasonable  trim  and  stability  be  maintained.  The  program 
is  non— specific  as  to  ship  type.  That  is  to  say,  the  user  most  specify 
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the  vehicle's  description.  Cnee  the  program  has  the  ship's  description, 
it  proceeds  to  use  the  data  base  to  form  and  solve  the  optimization 
equations. 

He  program  is  similiar  to  HANDE  (the  hydrofoil  ship  synthesis  model) 
in  that  a  volune  balance  is  not  performed.  The  SEP  is  very  weight 
sensitive  and  any  increase  in  required  volume  requires  a  negligible 
increase  in  total  ship  weight.  Therefore,  ad  though  the  program  does 
not  explicitly  balance  volume,  sufficient  internal  volume  can  be 
designed  into  the  ship  through  the  use  of  appropriate  weight  estimating 
relationships . 

There  are  four  features  to  the  ARCJ6  program  which  should  be 
emphasized.  They  are: 

(1)  The  level  of  detail  generated  by  the  model  is  directly 
controlled  by  the  complexity  and  number  of  functional 
relationships  that  are  input  by  the  user. 

(2)  Because  the  description  of  forces  acting  on  a  ship  is 
usually  non-linear,  the  program  was  designed  with  the 
provision  of  handling  non-linear  variables. 

(3)  Since  the  user  describes  the  ship  via  a  set  of  functional 
relationships  and  the  oerputer  in  turn  produces  a  set  of 
consistent  descriptive  values,  it  is  not  necessary  that  a 
parent  or  baseline  ship  be  input  to  solve  the  optimization 
program. 
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(4)  Finally,  since  the  vehicle  description  and  applicable 
physical  and  engineering  relationships  are  input  by  the 
user,  the  ARCJ6  program  consists  of  only  three  main 
section:  One  to  recognize  the  data  and  check  for  internal 
consistency;  a  second  section  to  perform  the  optimization; 
and,  a  third  section  that  prints  the  output. 

The  ARCJ6  program  performs  the  following  functions  in  the  order  given: 

(1)  Interpret  the  vehicle  description  and  functional  relations 
thus  building  the  data  base  to  be  used  for  the  optimization 
run. 

(2)  Checks  for  inconsistencies  and  missing  information  among 
the  elements  of  vehicle  and  physical  data  supplied  by 
the  user.  The  program  does  not  contain  arty  default 
values  and  the  user  must  ensure  that  all  required  data 
has  been  specified. 

(3)  Prepares  and  prints  tables  illustrating  what  is  in  the 
data  base  and  what  are  the  applicable  numerical  values. 

(4)  Performs  the  weight  minimization  subject  to  the  specified 
constraint  equations.  This  is  done  by  making  use  of  a 
simultaneous  non-linear  equation  solver  that  determines  the 
numerical  values  of  the  variables  which  satisfy  the  set 

of  simultaneous  partial  differential  and  algebraic 
equations.  Prior  to  each  iteration  in  the  minimization 


/ 


83 


. 

t 

procedure,  die  program  will  check  and  adjuct  the  values 
of  the  variables  to  ensure  consistency  between  the  variables. 

( t 

l.  (5)  Prepares  and  prints  output  tables  including: 

(a)  Ocrparison  between  initial  and  final  values  of 
variables. 

(b)  Surmary  of  items  forming  the  current  weight  of  the 
ship. 

(c)  Weight  report  using  the  Navy  three-digit  weight 
classification  system. 

For  the  FES  runs,  three  constraints  were  imposed  on  the  design: 

Weight  equals  buoyancy;  cruise  and  dash  speeds  are  fixed;  and,  a  fixed 
required  operating  range.  The  SES  data  base  is  acrpared  of  elements 
from  which  values  of  the  FES  weights,  drag,  airflow,  buoyancy,  and 
weight  of  fuel  can  be  computed.  This  data  base  was  set  up  with  length, 
beam,  cushion  pressure,  and  fuel  weight  as  variables  whose  values  are 
directly  changed  by  the  optimization  program  and  from  whose  values  all 

>  the  other  values  in  the  output  are  ultimately  derived. 

The  weight  parametric  relationships  for  the  weight  of  the  licht  ship 
ocrpcnents  are  based  on  as  as  yet  unpublished  DINFFDC  report  by  Fee  and 
Kuklewicz.  The  constants  in  these  equations  have,  however,  been 
adjusted  so  as  to  agree  with  several  recent  2000  and  3000  point  designs. 

The  buoyancy  relations  have  been  adjusted  to  reflect  the  actual 

I 

t  distribution  of  buoyancy  between  the  sidewalls  and  cushion  as  exists  in 

current  SES  designs. 


'  / 
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The  weight  of  fuel  is  calculated  by  making  use  of  the  Fee- 


Kuklewicz  drag  relations  and  the  required  range. 

As  a  simplification,  both  weight  groups  400  and  567  were  treated  as 
fixed  weight  inputs.  Weight  group  400  is  mainly  ocrposed  of  navigation 
equipment  and  the  acrmand  and  control  portion  of  the  military  payload, 
neither  of  which  would  vary  over  the  narrow  range  that  the  ship's 
displacanent  is  changing.  Weight  group  567,  ccrposed  of  lift  engines, 
fans,  and  associated  ducting,  was  sized  to  provide  sufficient  lift 
over  a  variety  of  sea  state  conditions.  Therefore,  weight  group  567 
was  not  allowed  to  vary  over  the  snail  displacement  variations  generated. 
The  model  was  also  modified  to  provide  the  SES  with  "rubber"  engines 
that  resize  to  attain  the  required  dash  speed. 

Stability  and  trim  balances  were  not  made  constraints  in  the 
optimization  program  to  reduce  the  oost  of  the  optimization  runs.  However, 
checks  were  made  to  verify  that  designs  produced  did  not  exceed  normal 
limits. 

The  following  is  a  sumary  of  the  weight  functional  relationships 
used  for  the  SES  runs: 

(1)  WT.GFP.100  -  f  (FL  displacement,  L/B,  cushion  length, cushion 

specific  loading) 

(2)  WP. GRP. 200  -  f  (SHP) 

(3)  WT.nFP.300  -  f (Light  Ship  Displacement) 

(4)  WT. GRP. 400  -  Fixed  veight  input 


85 


(5) 

WT.GRP.5XX 

(6) 

WT. GRP. 567 

(7) 

WT. GRP. 600 

(8) 

WT. GRP. 700 

(9) 

MARGIN 

(10) 

FUEL 

(ID 

WATER 

(12) 

PROVISIONS 

(13) 

AM^IMETICN 

f  (Light  Ship  Displacement) 

Fixed  weight  input 

f  (Light  Ship  Displacement 

Fixed  '.weight  input 

15%  of  Sun  of  WT.GFPS  100  -  700 

f  (crew  size,  range, speed,  FL  displacement) 

f  (crew  size,  mission  duration) 

f (crew  size,  mission  duration) 

Fixed  weight  input 
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METHODOLOGY 

The  methodology  used  was  similiar  to  that  used  for  generating  the 
marginal  weight  factors  for  hydrofoils.  That  is,  develop  a  set  of 
baseline  SES's  of  varying  displacement  and  then  perturb  these  baselines 
to  obtain  the  desired  marginal  factors.  Hcwever,  unlike  the  case  of 
hydrofoils,  significant  costs  were  involved  in  making  the  ocrputer  ship 
synthesis  runs  which  resulted  in  being  unable  bo  investigate  as  many 
perturbations  to  the  baseline  ships  as  would  have  been  desirable.  In 
particular,  it  was  not  financially  feasible  bo  investigate  the  linearity 
limits  of  the  marginal  weight  factors  for  each  baseline.  In  spite  of 
these  difficulties.  ;t  is  felt  that  sufficient  data  was  generated  to 
accurately  determine  the  marginal  weight  factors  for  "reasonable" 
perturbations  from  the  baseline  values  and  to  identify  trends  between 
these  baselines. 

The  first  step  in  generating  marginal  weight  factors  was  to  decide 
on  the  characteristics  of  the  baseline  ships.  These  baselines  would 
cover  the  range  of  displacements  from  approximately  500  tons  through 
4000  tens  and  would  vary  their  operating  ranges  and  speeds  as  appropriate 
to  each  ship  size.  As  a  starting  point  the  general  characteristics  of 
the  ANVGE  FAR  TEFT  SES  were  adopted  for  a  3500  ton  ship  and  named  SES3. 

! Vo  additional  baselines  (SES1  and  SES2)  were  then  drawn  up  by  modifying 
the  SES 3  payload,  range,  and  speed  to  appropriate  values  for  missions 
envisioned  for  the  smaller  vehicles.  The  SES2  has  an  operational 
ran ae  of  1450  nautical  miles  and  is  capable  of  surface  warfare  (SUW) , 
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anti-submarine  warfare  (ASW) ,  and  anti-air  warfare  (AAW) .  It  differs 
from  the  SES3  in  that  the  SES2  lades  a  helicopter  capability,  has  a 
higher  dash  speed  requirement,  operates  at  the  shorter  range,  carries 
a  military  payload  of  approximately  100  tens,  and  has  a  crew  size  of 
79  men.  The  SESl  is  a  short  range  (800  nautical  miles)  500  ship  with  a 
StW  and  AS W  capability,  a  military  payload  of  95  tans,  a  dash  speed 
of  90  knots,  and  a  crew  of  30  men. 

There  are  two  questions  of  interest  that  a  ship  or  subsystem 
designer  might  ask.  First,  "given  a  ship  type  and  a  rough  estimate  of 
the  vessel's  size,  what  vail  be  the  full  inpact  of  this  subsystem  on 
the  ship's  size  and  weight"?  The  perturbations  to  SESl,  SES2,  and 
SES3  are  designed  to  answer  this  question.  A  second  question  might 
be,  "given  a  specific  ship  type  and  size,  what  would  be  the  full 
inpact  of  a  subsystem  on  the  ship  with  fixed  dimensions"?  Tt>  answer 
the  second  question,  a  baseline  designated  SES4  was  utilized.  SES4 
has  the  identical  military  and  similiar  performance  characteristics  as 
SES3  but  the  cushion  length  and  beam  ware  locked  at  and  appropriate 
value.  A  sutmary  of  the  performance  characteristics  for  the  SES 
baselines  may  be  found  in  Table  4.1. 

Onoe  having  settled  upon  the  general  characteristics  of  the 
baselines,  the  next  step  was  to  use  the  SES  computer  model  to  produce 
an  optimized  design  for  the  baseline  ships.  This  was  done  for  SESl, 
SES2,  and  SES3  by  holding  the  range,  speed,  payload,  and  crew  size 
constant  while  alleging  the  model  to  resize  the  ship  as  necessary  to 


Table  4.1 

PERFOFfWJCF  CHARACTERISTICS  OF  TEE  SES  BASELINES 


SES1 

SES2 

SES3 

SES4 

RANGE  (NM) 

. 

— 

800 

1450 

■ 

3000 

3000 

DASH  SPEED  (KTS) 

90 

85 

80 

80 

CRUISE  SPEED  (KTS) 

50 

55 

60 

68 

CREW  SIZE 

30 

79 

141 

141 

MILITARY  P/L  (TCNS) 

95 

I 

290 

290 
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find  a  minimun  weight  ship  subject  to  the  performance  constraints  that 
were  detailed  above.  For  SES4,  the  additional  constraint  of  not  alleging 
the  ship's  dimensions  to  vary  was  added.  A  surmary  of  the  principal 
physical  characteristics  for  each  of  the  four  baselines  may  be  found 
in  Table  4.2. 

Having  produced  four  optimized  baseline  designs,  the  next  step  was 
to  vary  the  individual  payload  support  parameters  and  note  the  resulting 
change  in  the  baseline  ship.  The  parameters  that  were  varied  are: 

(1)  Payload  Weight  -  Both  positive  and  negative  perturbations 
of  the  baseline  values  were  investigated.  The  payload 
weight  was  changed  by  varying  WT. GRP. 700  i  50%  from  the 
baseline  value. 

(2)  Crew  Size  -  The  size  of  the  crew  is  an  input  to  the  model 
and  was  varied  directly.  With  the  SES  ship  synthesis 
model,  no  woliire  balance  is  performaed,  hence  there  is  no 
difference  between  the  addition  of  one  officer  or  one 
enlisted  man. 

(3)  Electrical  Load  -  The  model  does  not  have  electrical  load 
as  a  direct  input.  Therefore,  it  was  decided  to  use  the 
KANDE  hydrofoil  computer  model  KV7WT.GRP.  300  estimating 
relationship  of  WT. GPP. 300  ■  0.02  X  KW.  This  relationship 
was  derived  for  gas  turbine  powered  aenerators  which  is  a 
reasonable  assuntion  for  use  on  an  SES.  To  perform  the 
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Table  4.2 

SES  BASELINE  SHIPS  PHYSICAL  CHARACTERISTICS 


PHYSICAL 


CHARACTERISTIC 

SES1 

SES2 

SES  3 

SES4 

I/B 

3.35 

3.17 

2.59 

2.87 

ICA  (FT) 

150.6 

207.9 

281.1 

303.3 

BEAM  (FT) 

53.5 

67.0 

106.2 

105.0 

CUSH.  LETJdH  (FT) 

128.7 

165.1 

235.8 

257.9 

CUSH.  BEAM  (FT) 

38.5 

52.0 

91.2 

90.0 

FULL  LOAD  (TONS) 

645.4 

1231.3 

3864.9 

4271.7 

WT.GRP. 100 (TONS) 

134.7 

279.4 

1002.4 

1202.1 

VT.GRP.200  (TONS) 

118.6 

195.7 

350.0 

354.8 

WT.GRP. 300 (TONS) 

8.1 

21.0 

74.9 

84.4 

WT.GRP.  400  (TONS) 

5.4 

20.6 

74.0 

74.0 

WT.GRP.  5XX  (TONS) 

30.3 

55.7 

125.4 

141.3 

WT.GRP. 567  (TONS) 

45.8 

63.7 

127.4 

127.4 

WT.GRP. 600 (TONS) 

35.7 

50.6 

218.4 

245.9 

WT.GRP. 700 (TONS) 

20.0 

45.2 

63.0 

63.0 

MARGIN  (TONS) 

59.8 

110.0 

305.8 

344.1 

LIGHT  SHIP  (TONS) 

457.8 

842.3 

2341.0 

2636.9 

FUEL  (TONS) 

98.9 

304.0 

1285.2 

1396.1 

KW  LOAD  (KW) 

405 

1052 

3745 

4220 

HULL  VOL.  (FT3)  _ 

110,623 

276,519 

602,262 

652,020 

CUSHION  AREA. (FT2). 

4948 

8589 

21,504 

23,215 

CUSH.  PRESS (LB/FT2) 

287.6 

309.7 

366.8 

376.2 

PROPULSION  SHP 

151,142 

171,670 

239,900 

243,192 

******.  ***&&*«* 
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necessary  perturbations,  the  desired  KW  variation  was 
converted  to  a  T'/T.OHP.  300  weight  and  then  inputted 
to  the  model. 

(4)  Space  -  Inasmuch  as  the  model  does  not  perform  a  volure 
balance  between  the  required  and  available  volumes,  it  was 
necessary  to  increase  the  cushion  size  and  then  fix  the 
ship  size  at  the  new  dimensions.  Although  fixing  the  ship's 
size  does  not  alien-’  for  the  full  impact  of  space  to  he 
demonstrated ,  it  is  felt  that  the  error  involved  is 
extremely  snail  for  the  FFF  which  is  a  weight  sensitive 
ship. 

The  final  step  is  to  plot  the  weight  changes  that  result  from  the 
perturbations  described  above  versus  the  change  in  the  support 
parameter.  The  slopes  of  the  resulting  plots  are,  by  definition,  the 
desired  marginal  weight  factors. 


-***&», j ^x**&*#£  »■  .  ■ 


92 


RESULTS 

The  results  of  the  perturbations  for  the  FES  2  baseline  are 
presented  in  Tables  4.3,  4.4,  4.5,  and  4.6  while  the  results  for  the 
other  baselines  may  be  found  in  Appendix  III.  The  columns  labeled 
"NEW"  contain  the  output  of  the  ship  synthesis  model  as  a  result  of 
the  specific  variations.  'The  "PIFF"  column  contains  the  chance  from 
the  baseline  values. 

For  the  cases  of  payload  weight,  crew  size,  and  electrical  load 
variations,  the  weight  groups  and  the  full  load  displacement  reacted 
as  would  be  expected.  It  is  worth  noting,  however,  that  the  L/B  ratio 
tended  bo  shrink  as  weight,  men,  and  electrical  capacity  were  added 
to  the  baselines .  The  reason  for  this  trend  is  that  the  model  increases 
the  cushion  area  to  support  the  added  weight  rather  than  substantially 
increasing  the  cushion  pressure  which  would  in  turn  increase  the  drag. 

The  decrease  in  L/B  indicates  that  the  model  attaches  a  greater 
structural  weight  penalty  to  a  growth  in  length  rather  than  width. 

Table  4.6  illustrates  the  .space  variation  for  FES2  with  the  ship’s 
principal  dimensions  locked  at  values  that  give  and  additional  500 
square  feet  of  cushion  area  over  that  of  the  baseline  FES  2.  The  results 
are  quite  interesting.  Structural  weight  (WT.FRP.  100)  has,  as  would 
be  expected,  increased;  however,  the  propulsion  plant  weight  fWT.GPP. 200) 
and  the  fuel  weight  have  both  decreased.  These  changes  are  reasonable 
since  the  cushion  pressure  has  decreased  thereby  lcaoring  the  total 
hydrodynamic  drag. 
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Table  4.3 

SES2  PAYLOAD  WFIOfT  VARIATION 


ITkRIATIGN 

BASELINE 

nui 

VALUES 

LBP 

207.9 

VB 

3.17 

F.L.  DISP 

1231.3 

WT.GFP.  100 

279.7 

TO. GPP. 200 

195.7 

WT.  GRP. 300 

21.0 

V7T.GPP.400 

20.6 

WT.GPP. 5XX 

55.7 

WT. GPP. 567 

63.7 

WT.GPP.600 

50.6 

WT. GPP. 700 

45.2 

LIGHT  SHIP 

842.3 

FTJEL 

304.0 

a'SH  PRESS 

309.7 

-10  TONS 


MEW  DIFF 


206.9  -  0.9 


3.20  +0.03 


1192.9  -38.4 


271.5  -  8.2 


191.6 


20.3  -  0.7 


20.6 


53.7  -  2. 


63.7 


48.7 


35.2  -10.0 


811.2  -31.1 


296.7 


305.6 


+10  TONS 


NEW  DIFF 


208.8  +  0.9 


3.15  -0.02 


1269.6  +38.3 


288.0  +  8.3 


199.8 


21.8  +  0.8 


20.6 


.8 


63.7 


52.4  +  1.8 


55.2  +10.0 


873.3  +31.0 


311.3  +  7.3 


+20 

TONS 

NEW 

DIFF 

209.7 

+  1.8 

3.12 

-0.05 

1307.8 

+76.5 

296.3 

+16.6 

203.7 

+  8.0 

313.6 

+  3.9 

22.6  +  1.6 

20.6 - 

59.8  +  4.1  (3) 


63.7 


54.3 


65.2  +20.0 


904.4  +62.1 


318.5  +14.5 


317.4  +7.7  1(5) 


(1)  Lencrth  i_n  feet. 

(2)  All  weights  in  units  of  Long  Tons. 

(3)  WT.rpp.5XX  includes  all  of  WT.rPP.50n 

less  WT.rpp.567. 

(4)  Light  Ship  weight  includes  a  15%  Marain 

•  **> 

(5)  Cushion  Pressure  in  units  of  LDS/FT" 
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n'ahle  4.4 

SES2  W  SIZF  'T'PX/'TiriN 


^TARIATION 

BASEXINE 

-10  MEN 

+10  MEN 

(1) 

(2) 

(3) 

(4) 

(5) 

ITEM 

VALUES 

NEW 

DIFF 

NEW 

DIFF 

IBP 

207.9 

207.6 

-  0.3 

208.2 

+  0.3 

F.L.  DISP. 

1231.3 

1219.8 

-11.5 

WT. GPP. 100 

279.7 

277.3 

BBS 

BS 

vrr.GPP.200 

195.7 

194.5 

BS 

:  1 

WT. GPP. 300 

21.0 

20.9 

-  0.1 

21.2 

BH 

vrr.GRP.400 

20.6 

20.6 

— 

20.6 

WT.GPP.5XX 

55.7 

55.4 

-  0.3 

BOB 

WT.GRP.567 

63.7 

63.7 

— 

63.7 

WT.GRP.600 

50.6 

50.3 

-  0.3 

50.9 

+  0.3 

WT. GRP. 700 

45.2 

45.2 

— 

45.2 

— 

light  ship 

. 

842.3 

837.2 

BB 

847.4 

+  5.1 

FUEL 

304.0 

-  2.2 

306.2 

+  2.2 

CUSH  PRESS 

309.7 

308.4 

BB 

310.8 

|  Q3 

L/B 

3.17 

3.16 

-0.01 

LOADS 

84.1 

79.8 

BB 

|Q 

NOTES: 


(1)  Length  in  feet. 

(2)  All  weights  in  Long  Tons. 

(3)  WT.GRP.5XX  includes  all  of  WT.GRP500  less  567. 

(4)  Light  Ship  weight  includes  a  15%  Margin. 

(5)  Cushion  Pressure  in  units  of  LBS/ET^. 
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Table  4.5 

SES2  ELECTRICAL  IClAD  VARIATION 


VARIATION 


ITO’ 


IBP 


VB 


F.L.DISP. 


WT. GRP. 100 


WT.GRP.200 


OT.GRP.300 


WT. 


WT.GRP.5XX 


WT. 


WT. GRP. 600 


WT. GRP. 700 


LIGHT  SHIP 


FUEL 


KW  LOAD 


CUSH  PRESS 


BASELINE 


VALUES 


207.9 


3.17 


1231.3 


279.7 


195.7 


21.0 


20.6 


55.7 


63.7 


50.6 


45.2 


842.3 


304.0 


1052 


309.7 


+  125 


NEW  DIFF. 


208.0 


3.16  -  .01 


1241.0 


281.6 


196.9 


23.8  +  2.8 


20.6 


56.2 


63.7 


51.0 


45.2 


850.0 


306.0  +  2.0 


1188  +  136 


311.0 


+  250  KW 

NEW 

DIFF. 

208.1 

+  0.2 

3.15 

-  .02 

1250.8 

+19.5 

283.5 

+  3.8 

198.0 


26.5 


20.6 


56.8 


63.7 


51.5 


45.2 


857.8  +15.5 


308.0 


1326  +  274 


312.3 


(1)  Length  in  feet 

(2)  All  weights  in  Lang  Tans. 

(3)  WT.GRP. 5XX  includes  all  of  WT. GPP. 500 

less  WT.GFP.567. 

(4)  Light  .Ship  weight  includes  a  15%  Margin 

(5)  EW  load  in  Kilowatts 

(6)  Cushion  Pressure  in  units  of  IBS/FT2 
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Tto  rerove  space  fran  an  SES  gives  results  quite  different  frcm  that 
found  for  hydrofoils  or  displacement  ships.  Instead  of  the  full  load 
displacement  decreasing  as  the  ship  shrinks,  the  total  weight  of  the 
ship  in  fact  increases.  Structural  weight  does  decrease  but  the 
increased  drag  due  to  a  higher  cushion  pressure  cause  the  propulsion 
plant  and  fuel  weights  to  increase.  Table  4.7  illustrates  the  differences 
between  a  positive  and  negative  space  perturbations  on  SES3. 

The  space  variations  that  were  investigated  presuppose  that  the 
size  of  the  cushion  area  is  being  modified  to  effect  the  required  change 
in  space.  If,  on  the  other  hand,  a  small  ccnpartment  was  added  to  the 
superstructure  without  changing  the  cushion  dimensions,  then  the  inpact 
of  this  space  would  he  approximately  the  weight  of  the  oorpartment's 
structure  multiplied  by  the  marginal  veight  factor  for  payload  weight. 

Figures  4.1,  4.2,  4.3,  and  4.4  were  generated  by  plotting  the 
data  in  Tables  4.3,  4.4,  4.5,  and  4.6.  The  change  in  the  svpport 
parameter  is  plotted  versus  the  corresponding  change  in  full  load 
displacement.  These  figures  are  of  value  in  that  they  illustrate  the 
relative  size  of  the  variation  in  the  different  weight  groups;  the 
degree  of  linearity  of  the  results;  and,  the  slope  of  the  plots  are  the 
marginal  weight  factors  for  SES2. 

Tables  4.8,  4.9,  4.10,  and  4.11  aontain  the  marginal  weight  factors 
of  the  four  SES  baselines  for  the  variation  in  the  payload  svpport 
parameters  of  payload  weight,  crew  size,  electrical  power,  and  space. 

The  marginal  weight  factors  for  full  load  displacement  are  plotted  versus 


VARIATION 


no* 


LEP 


L/B 


F.  L.  MSP. 


WT. GRP.  100 


WT. GPP. 200 


WT. GRP. 300 


WT.GFP.400 


wr. 


WT. 


WT.GRP.600 


wr. 


LIGHT  SHIP 


FUEL 


CUSH. 


VALUES 


Table  4.7 

SES3  SPACE  VARIATION 


-  1009  FT1 2 3 4 5 6 


MFF. 


281.1 

275.4 

2.59 

2.59 

3864.9 

3876.3 

1002.4 

966.7 

350.0 

364.8 

74.9 

73.9 

74.0 

74.0 

125.4 

123.8 

127.4 

127.4 

218.4 

215.5 

63.0 

63.0 

2341.0 

2310.8 

1285.2 

1326.8 

21504 

20495 

366.8 

386.9 

+  990  FT2 


NEV’  DIFF. 


286.4 


2.59 


3873.7  +  8.8 


1039.9  +37.5 


339.2  -10.8 


76.1 


74.0 


127.5 


127.4 


221.9 


63.0 


2379.6  +38.6 


1255.4  -29.8 


22494  +  990 


350.8  -16.0 


(1)  Length  in  feet. 

(2)  All  weights  in  Long  Tons. 

(3)  WT.GPP.5XX  includes  all  of  WT. GPP. 500 

less  WT.GPP.567. 

(4)  Light  Ship  veight  includes  a 

15%  Margin. 

(5)  Cushion  Area  in  inits  of  FT2. 

(6)  cushion  Pressure  in  LBS/FT2. 
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Table  4.8 


Table  4.9 


Table  4.10 
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the  corresponding  SES's  full  load  displacement  in  Figures  4.5,  4.6, 

4.7,  and  4.8.  These  figures  indicate  that  the  marginal  weight  factors  for 
SES's  do  increase  in  size  as  the  full  load  displacement  increases.  The 
reason  for  this  increase  is  the  strong  inpact  that  the  range  of  the 
vessel  has  on  the  size  of  marginal  weight  factors  since  range  appears  as 
a  multiplication  factor  in  the  fuel  and  provision  estimating  relationships. 

Perturbations  of  payload  weight,  crew  size,  and  electrical  load 
were  investigated  for  SES4.  The  results,  shewn  in  Tables  4.8,  4.9, 
and  4.10,  shew  that  the  ship,  unable  to  resize,  is  forced  to  add  fuel 
and  propulsion  plant  weight  to  meet  the  performance  requirements.  An 
unconstrained  SEE  optimizes  by  balancing  the  design  for  minimum 
structural,  propulsion,  and  fuel  weights.  The  larger  marginal  weight 
factors  for  SES4  indicate  that  the  design  is  not  optimized  with  regard 
to  cushion  size. 

As  was  done  with  hydrofoils,  a  synthesis  run  was  made  varying 
several  parameters  simultaneously  to  demonstrate  the  additive  property 
of  marginal  weight  factors.  For  this  run,  using  the  FES 3  baseline, 
the  payload  weight  was  increased  by  45  tons,  the  crew  size  was  increased 
by  8  men,  and  350  KW  were  added  to  the  baseline's  electrical  load.  The 
results  are  oerpard  with  the  sun  of  the  individual  effects  predicted 
by  marginal  weight  factors.  Table  4.12  presents  the  corpaurison  while 
illustrating  that  the  individual  effects  are  additive  and  marginal 
weight  factors  can  be  used  to  predict  the  total  impact  of  a  subsystem. 

The  error  between  actual  and  predicted  impact  is  less  than  2%. 
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Figures  4.9f  4.10,  4.11,  and  4.12  shew  a  breakdown  of  the  marginal 
weight  factors  of  weight,  manning,  electrical  load,  and  space  respectively. 
These  breakdowns  illustrate  the  differences  between  the  hydrofoil  and  the 
SES  models.  For  example.  Figure  4.9  shows  that  the  payload  weight  does 
not  cause  a  direct  effect  on  weight  group  300  as  it  does  in  the  HMCF 
model  (see  Figure  3.11). 
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CONCLUSIONS 


(1)  The  ABCJ6  ocrputer  ship  synthesis  model  worked  exceedingly  well 
for  this  thesis.  Although  the  program  is  more  oarplicated 
than  HANHE  (hydrofoil  ship  synthesis  model)  in  terms  of 
requiring  more  input  by  the  user,  the  program  does  allow 

for  a  greater  flexibility  in  specifying  the  level  of  detail 
desired.  However,  the  Initialization  module  of  HANDE  was 
rvich  less  expensive  to  run  than  the  ARCJ6  reflecting  the 
added  ocrplexity  of  non-linear  optimization  for  the  SFS 
perturbations . 

(2)  Marginal  weight  factors  for  Surface  Effect  Ships  showed  a 
linear  increase  with  increasing  displacement.  A  primary 
cause  of  the  increase  is  believed  to  be  the  increasing  rancre 
requirement  of  the  baselines  investigated. 

(3)  The  individual  effects  predicted  by  marginal  weight  factors 
are  additive  and  may  be  summed  to  determine  the  total  irpact 
of  a  subsystem. 

(4)  The  SES  is  a  weight  sensitive  ship  as  evidenced  by  the  relative 
magnitude  of  the  marginal  weight  factors  for  nay  load  weight  and 
space. 

(5)  Recess  volume  in  an  SES  should  be  tolerated  since  any 
reduction  in  space  without  reducing  the  Dayload  will  cause  the 
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rwrrrp  5. 

COMPARISON  OF  MARGINAL  WFIGHT  FACTORT 

INTRCIXJCTION 

This  thesis  has  developed  marcrinal  factors  for  two  high  performance 
ships  which  are  of  current  interest  to  the  l?.  S.  Navy.  These  factors, 
ocrputed  for  the  four  payload  .support  areas  of  weiaht,  mannina,  electric 
pcwer,  and  space  required  represent  the  sum  of  direct  and  indirect 
impacts  of  a  subsystem  on  a  ship’s  full  load  displacement.  To  evaluate 
the  output,  a  comparison  between  the  factors  developed  by  this  thesis  for 
hydrofoils  and  surface  effect  ships  and  the  factors  developed  by  Howell 
(Reference  5)  for  conventional  displacement  vessels  is  presented.  The 
reasons  for  differences  between  the  various  ship  types  wall  be  discussed 
and  will  cover  those  differences  between  the  ship  synthesis  models  that 
affect  the  size  of  the  ?MF  as  wall  as  differences  inherent  in  the 
individual  ship  types.  Finally,  sanple  calculations  for  determining  the 
total  inpact  of  a  subsystem  are  shewn  for  each  of  the  three  ship  types. 
These  calculations  illustrate  how  the  same  subsystem  can  cause  widelv 
varying  irpacts  on  different  ship  types. 

PAYLOAD  WEIGHT  fhF 

Figure  5.1  is  a  plot  of  the  marginal  weight  factors  of  payload 
weight  for  hydrofoils,  surface  effect  ships,  and  conventional  displacement 
ships  versus  full  load  displacement.  Finae  the  computer  ship  synthesis 
models  for  the  high  performance  ships  are  not  sensitive  to  payload  m-eioht 


'  / 

4~***<p  ■'**•**>  ;-.  - — * - 

_ -  ■?! _ E_ _ I _ — .  ■  .  m  —  ■  -  ■- -  -  -■  ■  ■  -  - 


Displacement  C  Long  Tone  ) 


MW  F  For  Weight 
_  VS_ 

Full  Load  Displacement 
Figure  5.1 


)  - - 


122 


location,  the  mid-range  values  for  displacement  ships  (i.e.  weight  at  the 
main  deck)  were  chosen  for  acnparison  nurposes. 

First,  the  magnitude  of  the  factors  for  payload  weiqht  is  significantly 
higher  for  FES  and  hydrofoils  than  for  displacement  ships;  and  secondly, 
the  factors  for  these  high  performance  ships  increase  rapidly  with 
increasing  displacement  but  the  factors  for  displacement  ships  react 
slowly  and  appear  to  approach  a  limiting  value. 

Table  5.1  presents  the  major  conponents  of  the  full  load  WP  of 
payload  weight  for  each  ship  type  of  approximately  the  same  displacement. 

The  marginal  factors  for  structural  weight,  fuel,  propulsion  plant  weiaht, 
and  auxiliary  weight  are  the  most  significant  ccrponents  of  the  payload 
weight  marginal  factors.  Structural  weight  has  a  of  1.33  on  the  SES3 
which  is  much  laager  than  that  of  the  240BL  hydrofoil  (0.34)  or  the 
baseline  EE  (0.19).  At  first  glance  this  might  seem  strange  inasmuch  as 
the  displacement  ship  with  its  steel  hull  has  a  lever  structural  MWF 
than  either  of  the  two  aluniniun  hulled  vessels.  However,  the  M4F  for 
.structure  on  a  displacement  ship  is  much  loer  than  that  of  a  ccrparably 
sized  high  performance  ship  due  to  a  basic  difference  between  conventional 
displacement  ships  and  an  SES  or  a  hydrofoil.  Additional  weight  on  a 
high  performance  ship  must  be  supported  by  a  larger  foil  on  a  hydrofoil 
and  by  a  larger  cushion  area  or  higher  cushion  pressure  on  an  SES.  For 
the  SFF,  a  larger  cushion  causes  the  structural  weight  to  increase 
whereas  the  higher  cushion  pressure  will  increase  the  drag  thus  requiring 
more  fuel  and  larger  propulsion  plants  thus  increasing  the  structural 
weight.  For  the  hydrofoil,  a  larger  foil  increase  the  hydrodynamic  drag 
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which  will  in  turn  increase  the  fuel  and  propulsion  plant  weight  causing 
tte  ship  to  grow  and  the  structural  weight  to  increase.  In  contrast, 
displacement  ships  support  the  additional  payload  weight  by  enlarging 
the  ship's  under  water  body  (i.e.  displacement).  With  a  large  displacement 
ship,  only  a  relatively  small  increase  in  hydrodynamic  drag  occurs  due  to 
the  increased  wetted  surface  area  and  hence  the  WF  for  structure  and 
fuel  is  snail  oorpared  to  those  of  the  high  performance  ships. 

It  is  surprising  that  the  structural  W  is  so  large  for  the  SFF 
as  oorpared  to  the  hydrofoil  and  the  displacement  ship.  The  reason  for 
this  result  is  that  the  AHCJ6  synthesis  model  used  for  the  SES  supports 
the  added  payload  weight  by  increasing  the  ship's  cushion  area  rather  than 
substantially  increasing  the  cushion  pressure.  The  SES's  structure 
serves  two  purposes.  First,  the  structure  encloses  the  reouired  volume: 
and  secondly,  it  provides  the  cushion  area  necessary  to  support  the 
weight  of  the  ship.  This  support  function  is  quite  similiar  to  the  foil 
system  of  a  hydrofoil.  Therefore,  a  better  acrpariscn  between  hydrofoils 
and  the  SES  would  he  to  sum  the  margined  factors  for  structure  and 
VW.nFP.567  since  this  would  include  the  structural  weight  and  the  lift 
system  for  both  ships.  Having  done  this,  ve  get  a  f*F  for  WT.nRP.100  + 
WT.nRP.567  of  1.33  for  the  SES3  and  1.14  for  the  240HL  hydrofoil. 

Because  the  SES  is  50%  larger  than  the  hydrofoil  being  oorpared,  it  is 
felt  that  there  is  not  a  significant  difference  between  the  sum  of  the 
»S-F  for  structure  and  the  lift  systems  for  high  performance  ships. 

Although  the  SES  does  contain  excess  volume  as  oorpared  to  a  hydrofoil 
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or  displacement  ship,  this  does  not  contribute  to  a  hiqher  since 
removing  volume  from  an  optimized  SFP  design  will  increase  the  ship's 
displacement. 

As  was  discussed  in  Chapter  4,  the  APCJ6  program  did  not  provide  for 
"rubberized"  lift  engines;  hence,  the  bWP  for  bT.GPP.567  for  SES3  is  zero. 

If  the  size  of  the  lift  engines  were  allcved  to  vary,  the  WF  for  the  PES 
would  have  increased  by  approximately  0.15  which  is  not  considered  to  be 
significantly  different  from  those  values  reported. 

The  large  MWF  for  fuel  and  nropulsion  plant  weights  for  hydrofoils 
and  surface  effect  ships  are  a  result  of  the  rapid  increase  in  the 
hydrodynamic  drag  by  these  high  performance  ships  at  their  higher  speeds. 

The  lower  FWF  of  the  conventional  displacement  ships  reflect  the  snaller 
increase  in  hydrodynamic  drag. 

There  is  no  apparent  reason  why  the  auxiliary  weight  (WT.GRP.53Ci) 
varies  between  the  three  ship  types  and  is  thought  bo  be  due  solely  to 
the  differences  in  the  weight  estimating  relationships  of  the  models. 

HANEE  estimates  WT.GFP.530i  as  a  function  of  internal  volume  and  cm1 

size  while  ARCJ6  sinply  uses  light  ship  weight  to  estimate  auxiliary  v«eight. 

As  can  be  noted  in  Figure  5.1,  the  high  performance  ships  denonstrate 
a  sharply  increasing  full  load  fS'P  with  increasinc  size.  This  trend  is 
felt  to  mainly  reflect  the  inpact  of  an  increasing  ranoe  requirement  on  the 
baselines  rather  than  sinply  beino  a  function  of  the  ship's  size.  As 
discussed  in  Chapter  3,  the  larger  foil  system  and  an  increased  fuel 
consumption  is  also  a  factor  in  the  trend  for  hydrofoils. 
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MANNING  I*!1 

Figure  5.2  is  a  plot  of  the  marginal  veight  factor  for  manning  for 
hydrofoils,  surface  effect  ships,  and  displacement  ships  versus  the 
corresponding  full  load  displacement.  It  is  the  change  in  enlisted  manning 
that  was  investigated  since  this  is  the  parameter  most  likely  to  vary 
with  a  payload  as  opposed  to  the  rnmber  of  officers  or  CPO's. 

The  full  load  displacement  mwf  for  the  SES  is  the  lowest  of  the  three 
ship  types  for  reasons  inherent  in  manning  requirements  as  well  as  the 
surface  effect  ship  type.  Manning  is  a  space  intensive  factor  not  having 
a  large  weight  inpact  on  a  desiqn.  Therefore,  relative  relationships  in 
size  between  the  MWF  for  manning  of  the  three  ship  types  should  be  the 
same  as  the  fVF  for  space.  This  was  found  to  be  true  as  can  be  seen  in 
Figure  5.  4  and  the  reasons  for  the  relative  sizes  of  the  MWF  for  manning 
can  best  be  explained  by  studying  the  reasons  for  the  relative  sizes 
for  space. 

Table  5.2  presents  a  sutmary  of  the  inportan:  components  of  the  **JF 
for  manning.  Both  the  DE  and  the  hydrofoil  have  equal  marginal  factors 
for  light  ship  weight  but  the  hydrofoil  has  a  factor  for  fuel  that  is 
four  times  as  large  as  that  of  the  DE's.  This  result  is  consistent  with 
the  marginal  factor  for  payload  weight  discussed  in  the  proceeding  section 
of  this  chapter.  That  is,  weight  has  a  much  greater  irpact  on  a  high 
performance  ship's  drag  and  hence  fuel  and  propulsion  plant  weinht  than 
is  the  case  with  displacement  ships. 


Note  the  lc*'  for  light  ship  weight  on  the  SES3  and  the  corresponding 
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low  MW  for  fuel .  This  snail  MW  is  due  to  the  lev  irpact  of  space  on  the 
SES  as  aerpared  with  hydrofoils  and  displacement  ships. 

Tte  "full  loads"  oolvm  in  Table  5.2  indicates  that  all  three  ship 
types  have  essentially  the  same  •♦T’  for  full  loads.  This  inplies  that 
each  of  tl*  three  ship  synthesis  models  uses  similiar  weight  estimating 
relationships  for  the  full  loads  (e.g.  water,  provisions,  and  cargo)  of  tie 

ships. 

rTJTTRICAL  POWER  »W 

Figure  5.  3  is  a  plot  of  the  full  load  displacement  >VF  for  electrical 
power  variation  versus  full  load  displacement  for  SEE,  hydrofoils,  and 
displacement  ships.  The  factors  for  the  high  performance  ships  increase 
in  a  manner  similiar  to  the  payload  weight  factors  sinoe  the  same  weight 
estimating  relationship  was  used  for  the  electrical  plant  weight  (WT.^WOOO) 
by  both  HRNEE  and  ARCJ6.  The  factors  for  the  SEE  are  slightly  larger 
than  a  ccnparably  sized  hydrofoil  although  the  difference  is  not  felt  to 
be  significant. 

The  full  load  displacement  WF  for  electrical  load  variation  on 
displacement  ships  is  larger  than  the  high  performance  ships.  This  is 
in  contrast  to  the  situation  discussed  earlier  for  the  WF  for  payload 
weight.  Table  5.  3  illustrates  that  the  NMF  for  WT.GKP.300  for  the  DE 
is  three  times  larger  than  that  of  the  hydrofoil  of  the  SEE.  The  reason 
for  this  difference  is  the  weight  estimating  relationship  used  in  the 
CD07  oerputer  ship  synthesis  model  for  displacement  ships. 
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SPACE  MJF 

Figure  5.4  is  a  plot  of  the  full  load  displacement  MWF  for  space  for 
hydrofoils,  surface  effect  ship,  and  displacements  ships  versus  full  load 
displacement.  The  factors  for  the  SES  represent  only  the  addition  of  space 
to  the  ship  ai*3  not  its  removal.  Examining  the  plot  for  trends,  it  is 
noted  that  the  factors  for  SES  increase  slowly  as  the  full  load  displacement 
increases;  the  factors  for  hydrofoils  increase  more  sharply  than  those 
of  the  SES;  and,  the  factors  for  conventional  displacement  ships  present 
a  declining  trend  with  increasing  displacement. 

As  was  discussed  in  Chapter  4,  an  SFS  reacts  to  either  an  increase 
or  decrease  in  space  by  increasing  the  ship's  full  load  displacement.  The 
low  value  of  these  factors  for  the  SES  is  due  to  the  counterbalancing  of 
the  increase  in  structural  weight  by  a  decrease  in  the  propulsion  plant 
size  and  fuel  weight. 

Table  5.4  is  a  breakdown  of  the  MWF  for  space  variation  and  shews 
the  important  oenponents  of  the  full  load  WF.  Hydrofoils  and  displacement 
ships  have  similiarly  sized  factors  although  Table  5.4  illustrates  that 
the  reason  is  a  balancing  of  onrponents  rather  than  each  ship  type 
reacting  alike.  The  MWF  for  V7T.f?PP.100  is  larger  for  displacement  ships 
reflecting  the  use  of  steel  in  displacement  ship's  hulls  in  contrast  to 
altminium  in  hydrofoils.  Offsetting  the  larger  structural  is  the 
size  of  the  M«lF's  for  fuel  and  propulsion  plant  weight  of  the  hydrofoil 
which  is  again  a  function  of  the  increase  in  drag. 

The  SFS  has  a  large  MWF  for  VT.npp.lOO  relative  to  that  of  the 
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hydrofoil;  however,  as  discussed  in  the  payload  weight  section  of  this 
chapter,  WT. GRP. 100  for  an  SES  oontains  weight  used  for  the  lifting 
function  while  hydrofoils  do  not. 

The  slight  increase  in  the  full  load  displacement  for  space  on  the 
SEP  as  full  load  displacement  increases,  is  a  result  of  the  increasing 
range  requirement  for  the  baseline.  Table  4.8  of  Chapter  4  illustrates 
bow  the  fIMF  for  fuel  varies  frcm  the  0.38  for  the  500  ton  PEP  to  the  1.59 
for  the  3800  ton  SEP. 

[hydrofoils  exhibit  a  much  more  erratic  variation  in  the  full  load 
displacement  W3F  for  space  than  is  the  case  for  as  PEP.  This  lack  of  a 
trend  within  the  hydrofoil  data  is  felt  to  be  due  to  the  method  the  factors 
were  generated  (combination  of  hand  and  ocrputer  calculations)  rather 
than  being  due  to  the  type  of  ship  involved. 

USE  OF  ffrRGINAL  WEIGHT  FACTORS 

Figures  5.5  and  5.6  illustrate  the  use  of  marrrinal  wight  factors  to 
predict  the  total  impact  of  tvo  different  subsystems  on  the  three  shin 
types  under  discussion.  As  can  be  seen,  the  size  of  the  impact  varies 
with  ship  type  and  the  values  of  the  support  parameters  that  describe 
the  subsystem.  For  the  "small  weapon",  the  addition  of  the  subsystem 
results  in  the  SEP 3  having  the  smallest  total  irrpact  whereas,  for  the 
"large  weapon",  the  destroyer  esaort  receives  the  smallest  total  irrpact. 

An  important  point  illustrated  by  the  tvo  proceeding  examples  is  that 
a  subsystem's  inpact  on  a  vessel  is  not  only  a  function  of  the  type  of 
ship  involved  that  the  equipment  is  to  be  installed  on  but  also  that  the 
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EQUIPMENT  ADDITION: 
support  rrxxriPr’FNTF: 
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additional  ‘tuning  pfoctfed  =  ?  Mer 

ADDITIONAL  FLFCTPIC  LOAD  =  5  KU 

FOUIPTTOT  VFTOFT  =  4  Tons 

2 

ADDITIONAL  FPACF  nFCUIPED  =  315  Ft 
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EQUIPMENT  ADDITION:  LARGF  WEAPON 

SUPPORT  REQUTPEITTrrS : 
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size  of  the  support  parameters  is  crucial.  This  is  true  because  the 
relative  magnitude  of  the  »W's  for  the  four  payload  support  parameters 
varies  with  the  ship  type.  The  conclusion  is  that  the  subsystem  designer 
can  ^3 just  the  support  parameters  of  his  design  to  produce  a  product 
with  minimun  irpact  on  each  of  the  various  ship  types. 
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OTNCXUSICNS 

1.  Hie  MWF  for  payload  veight  for  hydrofoils  and  surface  effect  shirs 
are  of  similiar  magnitude  and  sharply  increase  with  increasino  shin 
displacement.  The  size  of  the  factors  for  high  performance  ships 

is  significantly  larger  than  those  of  conventional  displacement  ships. 

2.  The  fU'F  for  banning  for  displacement  ships  and  hydrofoils  are  of 
similiar  magnitude  vhereas  the  MWF  for  SEP  is  significantly  smaller. 

The  trends  for  each  of  the  ship  types  match  those  of  the  for  Space. 

3.  The  f*IF  for  Space  tend  to  increase  with  increasing  displacement  for 
high  performance  ships  and  the  factors  for  displacement  ships 
decrease  slightly.  The  size  of  the  factors  for  hydrofoils  and 
displacement  ships  are  similiar  vhereas  those  factors  for  the  SES 
are  much  smaller. 

4.  IW's  for  Electrical  Power  increase  ’-dth  increasing  displacement 
irregardless  of  ship  type. 

5.  A  subsystem’s  inpact  on  a  specific  ship  is  a  function  of  the  ship 
type,  the  ship’s  size,  and  the  relative  size  of  the  support 
parameters  that  describe  the  subsystem. 
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Chapter  6. 

anCUTSTONF  and  jccct^iendatt cns 


OCNCLUFICtlF 

This  thesis  has  investigated  the  oorrnnent  and  shin  development 
sequences  for  several  of  the  T7.S.  Navy's  nev.est  ccmbatant  ships.  In 
addition,  the  subsystem  selects on/desiqn  process  was  studied  to  determine 
current  procedures  vdthin  the  ship  design  oarmunity  that  vould  account 
for  the  recent  growth  in  the  growth  in  ship  acquisition  costs  due  to 
the  increasing  impact  of  subsystems.  The  following  conclusions  are 
made  with  regard  to  the  efforts  discussed  above: 

(1)  Off-the-shelf  subsystems  sure  selected  by  Ship  Acquisition 
Managers  to  minimize  the  technical  risk  of  the  total  shin 
system.  Therefore,  since  major  subsystems  are  coumonlv 
developed  years  prior  to  the  ship  on  which  the  subsystem 
will  be  utilized,  the  Ship  Acquisition  Manager  has  no 
impact  on  a  subsystem's  physical  characteristics . 

(2)  The  Subsystem  Acouisition  Manaqer  develops  equipments 
many  years  earlier  than  the  host  ship  and,  therefore,  has 
little  information  available  to  assist  him  in  determininc 
optimum  physical  characteristics  for  the  subsystem. 

(3)  Because  Subsystem  Acquisition  Manaaers  have  a  limited 
background  in  naval  architecture,  tools  such  as  Marginal 
Cost  Factors  are  essential  to  assist  Subsystem  Desianers 
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in  minimizing  tJie  ship-irrpact  costs  of  their  product. 

To  aid  Subsystem  Designers  in  assessing  the  ship-irpact  costs  of  a 
subsystem  as  well  as  to  provide  the  Ship  Acquisition  Managers  with  a  tool 
for  conducting  tradeoff  analyses,  the  remainder  of  this  thesis  was 
devoted  to  developing  Marginal  Weight  Factors  for  Hydrofoils  and  Surface 
Effect  Ships.  These  factors  are  intended  to  ocrplement  factors  previously 
developed  for  conventional  displacement  ships.  The  following  conclusions 
are  made  with  regard  to  the  factors  developed  for  these  high  performance 
ships: 

(1)  A.  subsystem's  inpact  on  a  specific  ship  is  a  function  of 
the  ship  type,  the  ship's  size,  and  the  relative  size  of 
the  various  support  parameters  that  describe  the  subsystem. 

(2)  In  general,  the  Marginal  Weight  Factors  for  high  performance 
ships  are  larger  than  those  of  ocrparablv  sized  conventional 
displacement  ships.  A  significant  exception  is  the  lever 
W®1  for  Space  on  Surface  Effect  Ships  and  Hydrofoils 
indicating  that  these  high  performance  ships  are  relatively 
insensitive  to  changes  in  required  space. 

(3)  For  the  specific  baseline  ships  investigated,  the  Marginal 
Weight  Factors  for  all  four  payload  support  parameters 
tended  to  increase  with  increasing  ship  size. 
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KECTWIPIDATIONS 

During  the  process  of  developing  data  for  this  thesis,  it  was  found 
that  several  areas  could  not  be  adequately  aovered  due  to  time  and 
funding  limitations.  If  further  vork  in  the  area  of  Marginal  Weight 
Factors  for  high  performance  ships  is  undertaken,  the  following 
reoomendations  for  additional  study  are  suggested: 

(1)  Development  of  Marginal  Weight  Factors  for  Small  Waterplane 
Area  Twin  Full  (SWATH)  ships. 

(2)  Use  of  the  Synthesis  section  of  HANES’  to  investigate  the 
linearity  limits  for  the  VWF's  of  Hydrofoils. 

(3)  Use  of  ARGJ6  to  investigate  the  linearity  limits  for  the 
NMF's  of  Surface  Fffect  Ships. 

(4)  Preparation  of  Marginal  Cost  Factors  as  cost  models  for 
high  performance  ships  become  available  and  accepted. 


143 


PEFRRFNCFS 


1.  Graham,  C. ,  "vhat  Every  Subsystem  Fhgineer  Should  Know  About  i 

Ship  Design  -  But  Does  Not  Ask",  ASNE  Day,  May  1978. 

2.  Graham,  C. ,  M.  Nickelsburg,  "resign  to  Cost  -  A  Viable  Concept 
in  Naval  Ship  Design",  Naval  Fngineers  Journal,  April  1974. 

3.  Graham,  C. ,  "The  Inpact  of  Subsystems  on  Naval  Ship  Design", 

Naval  Engineers  Journal,  December  1975.  / 

4.  Sejd,  J.  J. ,  "Marginal  Cost  -  A  Ttool  in  Designing  to  Cost", 

Naval  Engineers  Journal,  December  1974. 

5.  Howell,  J.  S.,  "Development  of  Marginal  Vteiaht  Factors  for 
Naval  Surface  Oorbatant  Ships",  MIT  MS  Thesis,  August  1975. 

6.  Bryant,  F.  S.,  "Use  of  Marginal  Cost  Factors  by  Ship  Designers 
and  Oorpcnent  Designers",  MIT  <~E  Thesis,  May  1976. 

7.  Brennan,  A.  J.,  J.  D.  Burroughs,  D.  H.  Wacker,  "HANDE  -  A  Ttool 
for  Intergrating  the  Hydrofoil  Preliminary  Design  Cycle", 

SNAME,  Pacific  Northwest  Section,  Salishan,  Oregon,  October  1976. 

8.  Claude,  D.  J. ,  W.  C.  O'Neill,  D.  C.  VTight,  "Balancing  Mission 
Requirements  and  Hydrofoil  Design  Characteristics",  AIAA/SNAMF 
Marine  Vehicles  Conference,  San  Diego,  California,  April  1978. 


/ 


APPENDIX! 


Tables  of  Data 
for 

Conventional  Displacement  Ships 


TARLF  1.4  -MARGINAL  WEIGHT  FACTORS  FOR  MANNING  VARIATION 


150 


CO 

" 

-O 

o 

CO 

CM 

CO 

x£> 

-d 

cc 

CO 

o 

o 

o 

i  k— } 

r"\ 

o 

CM 

CM 

VA 

CM 

r*~\ 

rn 

CM 

<A 

-d* 

w 

o 

o 

O 

O 

O 

O 

C 

o 

o 

O 

o 

o 

to 

o 

• 

o 

O 

O 

o 

O 

o 

o 

O 

o 

o 

Cd 

• 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1 

cm  vO 

CM 

xO 

xC 

CO 

ao 

o 

CO 

CO 

oo 

CM 

o 

CM 

CM 

0  • 

vn 

rA 

r*~\ 

-P 

-X- 

VA 

-d 

ro 

VA 

VA 

E-  0. 

o 

O 

o 

O 

o 

O 

o 

o 

o 

o 

O 

O 

O 

fc.  (X 

o 

O 

o 

o 

o 

O 

o 

o 

o 

o 

O 

O 

O 

\  o 

CO 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

E-*  VA 

-d 

-d 

xO 

-d 

CO 

o 

-d 

CM 

o 

o 

CM 

o 

• - r  • 

o 

xO 

CO 

o 

o 

o 

o 

c 

o 

co 

A- 

0s 

CA 

a. 

rH 

o 

o 

rH 

rH 

rH 

rH 

rH 

rH 

o 

O 

o 

o 

co  cc 
—  c 
o 

E-> 

o 

• 

o 

• 

o 

• 

o 

• 

O 

• 

o 

• 

o 

• 

C 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

■HH 

< 

xO 

Cl.  CM 

a- 

CM 

CO 

xO 

CM 

xO 

CO 

vO 

■ 

xO 

— *- 

-d* 

• 

o 

rH 

O 

o 

rH 

O 

o 

o 

■  . 

rH 

CM 

o 

6-  £- 

o 

o 

O 

o 

o 

c 

o 

o 

o 

o 

o 

—  cc 

• 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

M 

Cij 

■ 

i 

• 

• 

• 

• 

• 

• 

• 

1 

• 

• 

• 

is 

rH 

CO 

o 

CO 

o 

-=? 

CO 

o 

o 

xO 

o 

vO 

xO 

•j  • 

CM 

-d 

i_r\ 

r~\ 

A- 

rH 

7a 

co 

A- 

rH 

00 

<c  c- 

CO 

CM 

CM 

r*\ 

CO 

c*~\ 

CA 

rH 

CM 

rH 

2  CC 

o 

o 

c 

c 

o 

o 

o 

o 

O 

o 

o 

O 

o 

>-H  O 

c 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

*v  _ 

< 

-X- 

x£> 

co 

CM 

CO 

o 

CO 

xC 

O 

o 

vO 

c 

-d 

• 

xC 

r*- 

CM 

a- 

iH 

rH 

VA 

va 

CM 

3 

A- 

co 

VA 

OJ 

-=f 

IA 

IA 

xO 

VA 

IA 

VA 

rn 

rA 

• 

o 

o 

o 

o 

O 

o 

O 

o 

O 

o 

o 

o 

O 

p 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

J 

U. 

CO 

o 

o 

-X- 

J3 

-3- 

CM 

CO 

o 

CM 

ao 

-d 

o 

xO 

vO 

rH 

A- 

xC 

-d 

<A 

CO 

vO 

vC 

A- 

A- 

xO 

CM 

xC 

IA 

xO 

VA 

IA 

VA 

ro 

-d* 

CA 

o 

• 

O 

• 

o 

• 

o 

• 

O 

• 

o 

• 

O 

• 

O 

• 

o 

• 

o 

• 

o 

• 

o 

• 

o 

• 

p 

cc 

Cd 

Cd 

Cd 

• 

7C 

w 

p 

• 

o 

p 

cc 

O 

w 

ft- 

o 

Cd 

Cd 

Cd 

Cd 

p 

p 

CO 

E- 

Cd 

HH 

P 

CO 

ft. 

p 

a 

a 

e- 

p 

o 

CO 

c0 

ft-  E- 

1 

1 

HI 

Cd 

&o 

hH 

h-t  a, 

Cd 

Cd 

Cd 

X 

X 

K 

c. 

cr 

i 

Cd 

Cd 

• 

p 

nr.  hh 

2 

P 

P 

U 

o 

o 

o 

• 

z 

c 

cc 

CO  CO 

>H 

03 

HH 

< 

o 

CJ 

»— » 

s 

P 

J 

Cd 

P 

Cd 

Cd 

< 

j 

33 

co 

Cd 

«c 

< 

>-3 

a 

P 

a 

O 

nn 

Cd 

Cd 

• 

c=: 

co 

Cd 

Cd 

< 

cc 

< 

cc 

CC 

CO 

CO 

C 

o 

p 

< 

E-* 

e- 

< 

s: 

< 

< 

Cd 

< 

< 

CO 

p 

03 

CO 

co 

CO 

i-3 

CO 

P 

id 

P 

cc 

p 

o 

52 

CL  • 
hH  O 
SC  Z 

H 

CM 

CO 

B 

VA 

xO 

B 

CO 

0s 

o 

CM 

fA 

J- 

CO 

■ 

Hi 

U 

rH 

rH 

rH 

rH 

/ 


TAHLE  1.6  -  MARGINAL  WEIGHT  FACTOR  FOR  SPACE  VARIATION 


151 


APPENDIX  II 

A.  HANDE  Initialization  Module 

B.  Tables  of  Data  for  Hydrofoils 
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II .A  HAUTE  Initialization  Module 


INTHDCmCTICIM 

The  primary  functions  of  the  Initialization  Module  are  to  estimate 
ship  size  and  to  prepare  data  for  use  in  the  HANTF  Synthesis  section  if 
so  desired.  The  Initialization  module  accomplishes  its  functions  by 
checking  data  provided  by  the  designer  for  ocrpleteness  and  by  calculating 
approximate  ship  configuration  data.  The  output  from  Initialization  mav 
be  sufficient  to  conduct  high  level  tradeoff  studies.  However,  only  the 
major  ship  elements  cue  considered  by  this  module. 

The  design  calculations  of  the  Initialization  Module  include  the  areas 
of  hull  geometry,  hydrodynamics,  propulsion,  weights,  and  performance.  The 
calculations  are  based  on  empirical  and  approximate  theoretical  methods. 

An  iterative  process  is  used  to  ensure  that  the  newly  developed  hydrofoil 
design  will  meet  specified  performance  and  mission  reouirements. 

DESCRIPTION 

A.  detailed  flex-’  chart  for  the  Initialization  ftodule  is  shown  in 
Figure  II. A.  1.  The  sequence  is  briefly  described  below. 

(1)  Following  data  checking,  the  characteristics  of  a  referenoe 
hull  are  calculated. 

(2)  The  Military  Payload  Weight  is  an  input  to  the  program.  <The 
iteration  parameters  are  set  in  preparation  for  the  main 
sizing  calculations.  This  includes  an  estimation  of  ship 
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weight  if  the  designer  has  selected  the  node  wherein 
dynamic  lift  and  fuel  weight  are  to  be  calculated  for  a 
given  range.  At  this  point  the  iteration  beerins. 

(3)  If  the  designer  has  not  elected  to  fix  the  ship  size,  the 
"hull  and  deck  house  sizes  are  calculated . 

/ 

(4)  The  hydrodynamic  drag  is  calculated  for  both  the  foilbome 
and  hullbome  propulsion  systems.  Either  vaterjet  or 

propeller  systems  may  be  considered.  The  drag,  pcver  and  ] 

specific  fuel  aonsurption  at  the  given  ranae  speeds  are  j 

calculated . 

(5)  If  the  designer  has  not  elected  to  fix  the  weight  of  fuel 
available,  the  weight  of  fuel  required  for  the  specified 
range  is  calculated . 

(6)  The  weights  of  various  ship  ccrrponents  are  calculated  to  the 
first  level  of  the  ShiD  Work  Breakdown  Structure.  These 
include  hull  and  deck  house,  propulsion  and  electric  olants, 
auxiliary  systems,  outfit  and  furnishings,  and  weight  margins. 

(7)  The  lightship  weight  is  calculated  bv  sumuna  the  weiohts 

* 

of  the  various  shin  corponents.  The  full  loads  are 
calculated  from  the  armum. tion  and  crew  related  items  and 
fuel  weight. 
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(8)  If  the  designer  has  selected  the  mode  which  fixed 
dynamic  lift,  the  weight  of  fuel  available  is  calculated. 
The  full  loads  are  recalculated  usino  this  updated  fuel 
weight. 

(9)  The  full  load  weight,  foil/strut  buoyancy,  and  dynamic 
lift  are  then  calculated .  Hus  concludes  the  calculations 
of  the  design  iteration  loop. 

The  dynamic  lift  and  lightship  weight  are  checked  from  iteration  to 
iteration.  When  no  significant  changes  in  these  two  parameters  occur 
in  two  successive  iterations,  the  design  has  converged  and  the  following 
calculations  are  made. 

(a)  If  range  is  not  fixed  by  the  designer,  the  range  is 
calculated  for  foilbome  and  hullbome  operating  conditions. 

(b)  Foil/Strut  system  parameters  are  calculated  in  accordance 
with  the  designers  option. 

(c)  The  volime  required  is  calculated  based  on  ship  weight, 
mission  duration,  horsepower  reouired,  pavload  items,  and 
crew  size. 

(d)  The  output  as  specified  by  the  designer  is  printed. 
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A  summary  of  the  weight  estimating  relationships  used  by  the  HANDF 
Initializatin  Module  is  provided  below: 

(1)  WG.100  =  f  (Ttotal  Ship  Volume) 

(2)  W3.200  *  f  (Required  Horse  Power) 

(3)  WG.300  =  f  (Installed  KW) 

(4)  WS.400  =  f  (Total  Ship  Volume)  +  Fixed  Navigation  Meicrht  + 

Input  ftilitary  Payload. 

(5)  WC.5XX  »  f  (Total  Ship  Volume,  Crew  Size) 

(6)  W3. 567  »  f  (Full  Load  Dynamic  Lift) 

(7)  WG.600  «  f  (Total  Ship  Volute,  Crew  Size) 

(8)  WG.700  =  Designer's  Input 

(9)  CREW  &  EFFECTS  =  f  (Crew  Size) 

(10)  AMMUNITION  =  Designer's  Input 

(11)  PRDVTSICNS  =  f  (Crew  Size,  Mission  Duration) 

(12)  FRESH  WATER  »  f  (Crew  Size) 

(13)  FUEL  =  f  (Required  Ranae,  Speed,  Engine  Characteristics) 


•.  •  i1  ""'r'  ~iT|ig»%)||||jU  up  iUiII'l)^. 
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ACQJHATY  OF  INITIALIZATICM  M30UIE 

A  key  question  that  had  to  be  settled  was,  "T'lhat  is  the  accuracv  of 
the  ship  design  produced  by  the  Initialization  compared  to  the  weight  of 
the  ship  produced  by  the  Synthesis  ftodule"?  Hue  to  the  level  of  detail 
addressed  by  the  Synthesis  section,  it  is  felt  that  the  Synthesis  output 
should  be  judged  "correct''  and  any  deviations  be  adjudged  an  "error" . 

To  investigate  the  accuracy  of  the  Initialization  Module,  three  of 
the  hydrofoil  baselines  used  for  this  thesis  were  subjected  to  perturbations 
in  cargo  weight.  The  baselines  were  then  redesigned  using  both  the 
Initialization  Module  and  the  Synthesis  Section.  The  output  from  HANTF  is 
shown  in  Tables  II. A. 1,  II. A. 2,  and  II. A. 3. 

The  results  indicate  that  for  the  300  bon  hydrofoil  (30BL), 
Initialization  overestimates  the  full  load  displacement  by  15  tons  or  is 
in  error  by  +5%.  For  the  1300  ton  hydrofoil  (120BL) ,  Initialization 
underestimated  the  full  load  displacement  by  67  tons  or  is  in  error  bv 
-5%.  Finally,  for  the  2600  ton  vehicle  (240BL) ,  Initialization 
underestimates  the  full  load  displacement  by  348  tons  or  is  in  error  by 
-12%.  Because  the  Initialization  Module  uses  linear  parametric  relations, 
the  results  described  above  shoud  be  expected  since  the  actual  values 
can  vary  on  either  side  of  the  linearization.  In  addition,  HANDF  was 
developed  to  design  hydrofoils  with  displacements  helcw  3000  tons; 
therefore,  the  largest  errors  can  be  expected  as  designs  approach  this 
point. 

Although  it  was  determined  that  Initialization  provides  a  reasonably 


'  / 


HYDROFOIL  CARGO  VEIGOT  VARIATION 


accurate  full  load  displacement  and  corresponding  weight  group  summary,  a 

question  still  remained  as  to  whether  or  not  Initialization  was  suitable 

for  generating  marginal  weight  factors.  That  is,  even  though  the  weights 

produced  by  Initialization  are  accurate,  "Is  the  difference  between  the 

baseline  values  and  the  perturbation  due  to  the  addition  of  cargo  weight 

produced  by  Initialization,  accurate  when  ocrpared  to  a  similiar  change 

produced  by  Synthesis"?  The  oolumn  labeled  "ERROR  IN  DIFF . "  in  Tables 

II.A.l,  II.A.2,  and  II. A. 3  attempts  to  answer  this  question. 

As  discussed  in  Chapter  2,  marginal  weight  factors  are  determined 

by  dividing  the  net  change  in  weight  by  the  amount  that  the  support 

# 

oarameter  is  varied.  Table  II. A. 4  provides  a  summary  of  the  marginal 
weight  factors  for  the  three  baselines  for  cargo  weight  variation. 

Table  II. A. 4 

MWF  for  Cargo  Weight  Variation 
SYNTHESIS  INITIALIZATION 


SHIP 

MWF 

ERROR 

%  ERROR 

30EL 

1.71 

1.64 

-  0.07 

-  4  % 

120BL 

2.45 

2.48 

+  0.03 

+  1  % 

240HL 

3.75 

2.45 

-  1.30 

-35  % 

The  Initialization  Module  of  HANDE  does  give  accurate  results  for 
hydrofoil  designs  below  1500  tons.  Above  this  displacement,  however, 
Initialization ' s  accuracy  becomes  increasingly  poor  as  the  ship's  size 
approaches  3000  tons.  Initialization  tends  to  underestimate  wr. GRP. 100, 
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WT. GRP. 200,  WT. GRP. 567,  and  the  FUEL  required  as  the  size  of  the  Hydrofoil 
increases. 


Fnlisted  Manning  Variations  for  30BL  Hydrofoil 
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Electrical  load  Variations  for  30FL  Hydrofoil 


Space  Variations  for  30KL  Hydrofoil 


.69 


RPO-TCTTW,  VOL.  52298  52394  +  96  5]R95  -  403 


Payload  Weight  Variations  for  60RL  Hydrofoil 


RPO.TOTAL  VOL.  93714  94412  +  698  94599  +  885  93148  -  566  92450  -1264 


ii. n. 6 


Electrical  load  Variations  for  60RL  Hydrofoil 
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Payload  Weight  Variations  for  240BL  Hydrofoil  (INITIALIZATION) 


II.B.ll 


PPn.TTO’AL  VOL.  298000  312067  +14067  325294  +27294  283570  -14430 


Table  II.R.12 


Table  II.B.13 
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APPENDIX  III 

Tables  of  Data 
For 

Surface  Effect  Shi.ps 


Payload  Weight  Variation  for 


Enlisted  Manninq  Variation  for  FFF1 


Electrical  Load  Variation  for  FEFl 
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Variation  of  +45  Tons  Payload  Mniqht,  +B  Men,  and  +350  on 


CUSIl  PFKSF  366.8  379.0  |  -  12.2 


Table  III. 11 
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Variations  for  SES4 


